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PREFACE 
T h i s  book  cons is ts  o f  f o u r  p a r t s  a n d  conta ins t h e  resu l t s  o f  s tud ies  t o  develop 
rea l i s t i c  system a rch i t ec tu ra l  concepts a n d  implementat ion p lans f o r  a manned Space 
Stat ion a n d  i t s  elements. T h e  s tud ies  were  based on  a n d  i n te ra ted  w i t h  t h e  mission 
requ i rements  p resen ted  i n  Book 1 a n d  t h e  programmat ics  covered  i n  Volume RI, 
Book 3. 
Pa r t  I o f  t h i s  book  descr ibes t h e  approach used  t o  develop t h e  a rch i tec tu re ,  
a n d  p resen ts  t h e  resu l t s .  I n  addi t ion,  t h e  s tud ies  pe r fo rmed  f o r  t h e  major sub -  
systems a n d  t h e  p rog ram evo lu t ion  a r e  persen ted .  
T h e  resu l t s  o f  a special emphasis s t u d y  o f  t h e  Space Stat ion In fo rmat ion  Man- 
agement System, by t h e  Space Stat ion D iv is ion  o f  General  E lect r ic ,  u n d e r  subcon-  
t r a c t  t o  Grumman a r e  p resen ted  i n  P a r t  I I o f  t h i s  volume. 
Pa r t  I l l  conta ins t h e  resu l t s  o f  a special emphasis s t u d y  on  t h e  Communication 
Subsystem by COMSAT General, u n d e r  subcon t rac t  t o  Grumman. 
Pa r t  IV conta ins s u p p o r t i v e  a r ch i t ec tu ra l  in fo rmat ion  supp l i ed  by MBB/ERNO, 
Do rn ie r  a n d  B r i t i s h  Aerospace. 
FOREWORD 
T h e  s t u d y  o f  Space Stat ion Needs, A t t r i bu tes ,  a n d  A r c h i t e c t u r a l  Opt ions was 
an e i g h t  month  e f f o r t ,  f ocus ing  o n  manned space ac t i v i t i es  d u r i n g  t h e  1990s t h a t  
wou ld  e i t h e r  r e q u i r e  o r  mate r ia l l y  bene f i t  f r o m  a Manned Space Stat ion.  T h i s  s t u d y  
was pe r fo rmed  by G rumman Aerospace Cot-poration, w i t h  General  E lec t r i c  a n d  
COMSAT General  as teammates, u n d e r  con t rac t  NASW-3685 f o r  t h e  Nat ional  Aero-  
nau t i cs  a n d  Space Admin is t ra t ion  Headquar te rs '  Space Stat ion T a s k  Force. 
T h e  NASA C o n t r a c t i n g  Of f i ce r ' s  Represen ta t i ve  a n d  Pro jec t  S t u d y  Manager was 
Mr .  E. B r i a n  P r i t c h a r d .  Techn ica l  mon i to r  f o r  t h e  DoD Space Stat ion Work ing  
G r o u p  was Capt .  James Schiermeyer  AFSD/XR, who was ass is ted by D r .  John  Bake r  
o f  t h e  Aerospace Corpora t ion .  
T h i s  con t rac t  was per fo rmed w i t h i n  Grumman's Space Stat ion Programs o r -  
ganizat ion d i r ec ted  by D i c k  K l ine .  T h e  Grumman Pro jec t  S t u d y  Manager was Ron 
McCaf f rey,  who  i n  t u r n  was ass is ted by D e p u t y  Pro ject  Manager  Joe Goodwin a n d  
Ass is tan t  Pro ject  Managers A1 A l va rado  o f  Genera l  E lec t r i c  a n d  Phi l  Caughran  o f  
COMSAT Genera l .  Grumman T a s k  Leaders are:  
o M a r t y  Finkelman - Mission Requi rements 
o Don Ste in  - Concept  Development 
o J im Wi lder  - Cost  a n d  Programmatics 
o Ron Boy land  - DoD Ass ignment  
T h e  resu l t s  o f  t h e  overa l l  s t u d y  a r e  descr ibed  by t h e  fo l low ing  f i na l  r e p o r t  
documentat ion. 
o Volume I, Execu t i ve  Summary, Repo r t  No. SA-SSP-RP007, 20 A p r i l  1983 
o Volume I I, Technica l  Repo r t  No. SA-SSP-RP008, 20 A p r i l  1983 
- Book 1 - Mission Requi rements 
- Book 2 - Mission Implementat ion Concepts  
- Book 3 - Cos t  a n d  Programmatics 
- Book 4 - M i l i t a r y  Mission Assessment (Class i f ied)  
o Final  B r i e f i ng ,  Repo r t  No. SA-SSP-RPOO9, 5-9 A p r i l  1983 
- Pa r t  1 - Summary 
- Pa r t  2 - Mission Requirements 
- Pa r t  3 - Commercial ization 
- Pa r t  4 - Techno logy  Development 
- Pa r t  5 - Systems 
- Pa r t  6 - Cos t ing  
- Pa r t  7 - DoD Summary (Class i f ied)  
- Pa r t  8 - Nat ional  Secu r i t y  (Class i f ied) .  
S ign i f i can t  con t r i bu t i ons  were  made t o  t h e  Grumman s t u d y  e f f o r t  by t h e i r  t w o  
teammates : 
o COMSAT General  de f ined  space s ta t ion  requ i rements  a n d  benef i t s  f o r  com- 
mercial  communication satel l i tes a n d  t h e  onboa rd  RF communication subsys-  
tern. T h i s  w o r k  was pe r fo rmed  w i t h i n  COMSAT Generals '  Eng inee r i ng  a n d  
Systems In teg ra t i on  o rgan iza t ion  d i r ec ted  by Mel Savage 
o General  Electr ic,  i n  t u r n ,  de f i ned  space s ta t ion  requ i rements  a n d  benef i t s  
f o r  selected areas o f  science a n d  appl icat ions, commercial p rocess ing  a n d  
remote sensing, a n d  nat ional  s e c u r i t y  missions. I n  addi t ion,  t h e y  de f ined  
a rch i t ec tu ra l  concepts f o r  t h e  da ta  management subsystem. T h i s  w o r k  was 
pe r fo rmed  w i t h i n  General  E lect r ics '  Advanced E a r t h  Observa t ion  Programs 
organ iza t ion  managed by Lew Beers.  
Technica l  p rog ress  was rev iewed d u r i n g  t h e  s t u d y  by a seven member Cons t i t -  
uency Development Counci l  (CDC).  T h i s  g r o u p  met  on  an  "ad hoc" basis t o  p r o -  
v i d e  senior  management/evaluat ion pe rspec t i ve  be fo re  each p resen ta t ion .  Members 
of t h e  CDC inc lude :  
o Dan Huebner ,  Chairman, Grumman S r .  V P  Marke t i ng  a n d  Advanced Tech -  
no logy 
o F red  Haise, Grumman V P  Space Programs 
o A l  Rosenberg, General  E lec t r i c  V P  G Genera l  M g r  Space System D iv is ion  
o Bi l l  Mouser, COMSAT Genera l  V P  System Techno logy  Serv ices 
o G r a n t  Hedr ick ,  Grumman Pres ident ia l  Ass t .  f o r  Co rpo ra te  Techno logy  
o B/Gen. D i c k  Rumney (Ret i red)  
o V /Adm.  Fo r res t  Petersen (Ret i red)  
T h e  CDC also p r o v i d e d  gu idance  t o  para l le l  co rpora te  f u n d e d  ac t i v i t i es  t o  de-  
ve lop  space s ta t ion advocates a n d  cons t i tuen ts  w i t h i n  non-a l igned commercial corn- 
panies.  Lou Hemmerdinger,  Manager f o r  Space Stat ion Ut i l izat ion,  led  G rurnman's 
e f f o r t s  i n  t h i s  area. Jack  D ick inson  l ed  simi lar ac t i v i t i es  a t  General  E lec t r i c .  
Grumman a n d  General  E lec t r i c  focused o n  ind iv idua l i zed  meet ings w i t h  p rospec t i ve  
c l ien ts  i n  t h e  pharmaceut icals,  metals a n d  semiconductor indus t r ies ;  Clarance Catoe 
o f  COMSAT, s u r v e y e d  t h e  telecommunicat ions i n d u s t r y .  
We w ish  t o  acknowledge con t r i bu t i ons  f rom B r i t i s h  Aerospace, MBB/ERNO a n d  
D o r n i e r  Systems f o r  in fo rmat ion  o n  European mission requ i rements  a n d  ha rdware  
def in i t ions, f o r  wh ich  each company is  p a r t i c u l a r l y  competent.  
Quest ions r e g a r d i n g  t h i s  s t u d y  shou ld  b e  d i r ec ted  to :  
M r .  E. B r i a n  P r i t c h a r d  MFA-13 o r  M r .  Ronald W. McCaf f rey  
Con t rac t i ng  S t u d y  Pro ject  Manager  Space Stat ion Pro ject  Manager 
NASA Headquar te rs  Grumman Aerospace Corpora t ion  
Space Stat ion T a s k  Force Bethpage, N. Y. 11714 
Washington, D .C.  20546 
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1 - INTRODUCTION 
The pr imary objective of the  study of mission implementation concepts is  t o  
provide a Space Station architectural concept tha t  is responsive t o  identi f ied benefi- 
cial missions. The concept should be capable of accommodating unforeseen uses and 
budget variations in  an order ly  and eff icient manner. The approach, guidelines 
and requirements used t o  develop an architectural concept are presented in  th is 
section. The  resul t ing architecture and i t s  rationale are described i n  Section 2. 
Section 3 contains the  studies performed f o r  the major subsystems, and Section 4 
contains a description of an evolution plan f o r  the architectural concept. 
1 . 1  APPROACH 
The approach used f o r  def in ing the Space Station architecture and i ts  evolu- 
t ion is i l lustrated in  Fig. 1-1 through 1-3. : Prior and present mission requirements 
studies (Fig.  1-1) have resulted i n  the identif ication of  system architecture and as- 
sociated subsystem requirements and options as a function of  time. Although shown 
as a st ra ight  through task, the development of  requirements and architectural con- 
cepts is an i terat ive process considering the  missions, cost and programmatic 
implications. 
The next  step, shown in  Fig. 1'2, is the  evaluation and analysis of  these re- 
quirements. I n  th is process, integrated requirements are subjected t o  a commonali- 
t y  f i l t e r  t o  assure the inclusion of  cost effect ive elements tha t  are responsive t o  
mission needs and do not over ly complicate either the specialized mission equipment 
o r  t he  Space Station elements i n  support  of the  mission. Commonality and simplicity 
are major technology and cost dr ivers,  especially f o r  configurations and 
subsystems. This step is  also an i terat ion process between design commonality, 
technology status and mission requirements. It results in  the identif ication of top 
level commonality, a defini t ion of the ini t ial  and evolved configurations and enabling 
tech nology requirements . 
The  last step i n  o u r  approach, shown i n  Fig. 1-3, der ives t h e  evolut ion plan. 
I t  is  here t h a t  t h e  c r i t i ca l  in tegra t ion  o f  t h e  var ious items occurs t o  achieve a cost 
ef fect ive schedul ing sequence, w i t h  achievable, realizable object ives and budge t  
allocations. T h e  c r i t e r i a  appl ied f o r  developing t h e  evolut ionary s t ra tegy  inc luded 
costs, g rowth  capabi l i ty,  complexity and  development r i s k .  
- 
T h e  guidel ines and requirements used i n  t h i s  approach a r e  presented i n  t h e  
fol lowing subsection. 
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The guidelines used f o r  the  study of t he  architectural concepts include: 
0 In i t ia l  capabil ity t o  use 1986 state-of-art technology 
o In i t ia l  operational capabil ity b y  1990 
o Eff icient and f lexible evolution through 2000, wi th indefini te use b y  on-orbi t  
reservice, repair 01- replacement 
o Delivery and support  equipment to  be shut t le compatible 
0 Shutt le logistics resupply (men and material) at  90-day intervals 
0 Safe haven f o r  14-day crew survival  
.I Fail operational/fail safe f o r  cr i t ical  functions and fa i l  safe f o r  non-cri t ical 
functions. 
Specific requirements, such as crew size, power demand, functions to  be per -  
formed, equipment t o  be supplied, and other Space Station support elements have 
been defined in  Book 1. These requirements resul t  i n  a desired set of  functional 
capabilities both f o r  an ini t ial  and evolved Space Station. The functional 
capabilities are: 
lo Space T e s t  - space equ iva len t  o f  w i n d  t u n n e l  fac i l i t i es  f o r  research a n d  de- 
ve lopment  a n d  p roo f -o f -concep t  t e s t i n g  i n  t h e  space env i ronment  
6, Transpo r ta t i on  H a r b o r  - o n - o r b i t  t u r n a r o u n d  o f  p ropu l s i on  systems f o r  local 
and  remote t r a v e l  
e Sate l l i te  Serv ic ing /Assembly  - re fue l ,  repa i r ,  checkou t  a n d  assembly o f  
spacecraf t  - 
o Observa t ions  - celestial, so lar  a n d  t e r r e s t r i a l  
o I n d u s t r i a l  Pa rk  - research, development  a n d  p r o d u c t i o n  o f  mater ia ls i n  t h e  
mic ro -g  space env i ronment .  
Sa t i s f y i ng  t hese  func t iona l  capabi l i t ies  imposes phys i ca l  requ i rements  o n  t h e  a r c h -  
i t e c t ~  re .  
For  t h e  space f a c i l i t y  func t ion ,  des i rab le  a r ch i t ec tu ra l  f ea tu res  i nc l ude  a 
s t r u c t u r e  f o r  assembl ing a n d  moun t i ng  equipments t o  b e  t es ted  i n  t h e  space env i -  
ronment,  manipu la tors  t o  a i d  i n  t h e  assembly a n d  test ,  f r e e  f l y e r s  t o  p r o v i d e  remote 
sens ing a n d  i n te rna l  areas f o r  l abo ra to r y  a n d  con t ro l  f unc t i ons .  I l l u s t r a t e d  i n  F ig .  
1-4, is  t h e  t es t  con f i gu ra t i on  o f  a l a r g e  antenna t h a t  represen ts  t h e  most c r i t i ca l  
requ i rement  iden t i f i ed .  
As  a t r anspo r ta t i on  ha rbo r ,  t h e  a r ch i t ec tu ra l  fea tu res  i nc l ude  a b e r t h i n g  
f ac i l i t y  f o r  t h e  s h u t t l e  ( bo th  f o r  log is t ics  r e s u p p l y  a n d  f o r  emergencies), bas ing  
a n d  r e s u p p l y  o f  u p p e r  stages (POV,TMS a n d  reusable OTVs) ,  a n d  stage/payioad 
assembly.  F i g u r e  1-5 shows t h e  assembly o f  a reusable O T V  o u t  o f  t h e  
t r anspo r ta t i on  harbor ,  s u r r o g a t e  b a y  s t r u c t u r e .  
A sate l l i te  s e r v i c i n g  a n d  assembly capab i l i t y  i n  a Space Stat ion i s  p r i m a r i l y  an 
ex te rna l  f unc t i on .  Re t r ieva l  o f  satel l i tes f o r  s e r v i c i n g  a n d  t h e i r  subsequent  
deployment  u t i l i zes POVs o r  TMSs, wh i ch  can b e  s to red  i n  t h e  area des ignated as a 
t r a n s p o r t  h a r b o r .  Simi lar ly,  r e fue l  capa.bility can b e  pe r fo rmed  i n  t h a t  area. 
Hand l i ng  aids, such  as t h e  RMS, HPA, OCP a n d  te leoperators  a r e  r e q u i r e d  t o  
capture,  t o  ho ld  a n d  t o  maneuver  t h e  pay loads.  These  s u p p o r t  a s e r v i c i n g  
f unc t i on .  Shown i n  F ig .  1-6, is t h e  s e r v i c i n g  o f  an AXAF class sate l l i te .  
T h e  func t iona l  capabi l i t ies  f o r  celestial, so lar  a n d  t e r r e s t r i a l  observa t ions  re -  
q u i r e  unobs t ruc ted  f ie lds-of -v iew,  p a r t i c u l a r  levels o f  p o i n t i n g  accuracy  a n d  
s tab i l i t y ,  a n d  an uncontaminated env i ronment .  O r b i t  selection, d iscussed i n  Book 
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1, a n d  h i g h  data rates,  r ep resen t  addi t ional  k e y  d r i v e r s  f o r  t h e  observa t ion  f u n c -  
t i on .  Observa t ion  missions can u t i l i ze  f r e e  f l y e r s  o r  b e  i nco rpo ra ted  i n t o  t h e  Space 
S ta t ion  complex (F ig .  1-7), if t h a t  o r b i t  i nc l ina t ion  is su i tab le .  
T h e  space t e s t  f a c i l i t y  laborator ies i nc l ude  an RGD opera t ion  t o  s u p p o r t  a n  
i n d u s t r i a l  p a r k  func t iona l  capab i l i t y .  I n  addi t ion,  p roduc t i on  fac i l i t i es  f o r  
p rocess ing  mater ials a r e  r e q u i r e d .  Such  fac i l i t i es  des i r e  m ic ro -g  accelerat ions a n d  
genera l l y  consume l a r g e  amounts o f  power .  T h e  m ic ro -g  accelerat ion requ i rement  
suggests  t h a t  t h e  processes b e  located close t o  t h e  c e n t e r  o f  g r a v i t y  t o  minimize t h e  
ef fect  o f  ro ta t ional  accelerat ions a n d  suspension systems t o  isolate h i g h  f r e q u e n c y  
v i b r a t i o n .  A l te rna te ly ,  an i n d u s t r i a l  p a r k  cou ld  b e  accommodated i n  a f r e e  f l y i n g  
p la t form,  t ended  by t h e  Space Station, f o r  maintenance a n d  f o r  removal a n d  replace- 
ment  o f  processed mater ia l .  F i g u r e  1-8 shows a t ended  i n d u s t r i a l  p la t fo rm.  
I n  add i t ion ,  t h e r e  a r e  a r ch i t ec tu ra l  requ i rements  wh i ch  a p p l y  t o  more t h a n  one  
capab i l i t y .  These inc lude  t h e  des i r e  t o  mon i t o r  ex te rna l  a c t i v i t y  f r o m  w i t h i n  a 
p ressu r i zed  module ( t h u s  t h e  requ i rement  f o r  v i e w i n g  po r t s ) ,  t h e  ava i l ab i l i t y  o f  
ample power ,  data process ing,  a t t i t u d e  con t ro l  a n d  cool ing (s tandard ized  in te r faces)  
and  c rew  sa fe t y  cons iderat ions (e. g . , t w o  i n g r e s d e g r e s s  pa ths ) .  
T h e  a r c h i t e c t u r e  f o r  implement ing t hese  requ i rements  i s  r ep resen ted  i n  
Sect ion 2 ,  
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2 - ARCHITECTURE 
A compi lat ion o f  requ i rements  a n d  t r a d e  s tud ies  has p roduced  an a r c h i t e c t u r e  
de f i n i t i on .  T h e  resu l t an t  a r c h i t e c t u r e  cons is ts  o f  a modu la r  manned Space Stat ion 
w i t h  capabi l i t ies  f o r  Space Test ,  T r a n s p o r t  Harbor ,  Sate l l i te  Services, Celes- 
t i a l /So la r /Ter res t r ia l  Observa t ions  a n d  an I n d u s t r i a l  Pa rk .  Solar a r r a y s  p r o v i d e  
power .  T h e  i n i t i a l  Space Stat ion has a 22 kW con t inuous  capab i l i t y  ( su f f i c i en t  t o  
s u p p o r t  a th ree-man c rew  a n d  t h e  i n i t i a l  opera t ion  t o  s u p p o r t  these  f unc t i ons ) .  14: 
can b e  operat ional  ea r l y .  
T h e  i n i t i a l  Space Stat ion can evo lve  w i t h  t h e  add i t ion  o f  three-man habi ta ts ,  
add i t iona l  su r roga te  s t r u c t u r e s  a n d  laborator ies f o r  research a n d  development 
(RGD),  sciences, a n d  i n d u s t r i a l  p rocess ing .  B y  add ing  so lar  panels, t h e  power  
o u t p u t  can b e  increased t o  66 kW con t inuous .  F u r t h e r  evo lu t ion  b e y o n d  t h i s  s tage 
can b e  accomplished. 
I nc l uded  i n  t h i s  con f i gu ra t i on  i s  a f r e e  f l y i n g  t ended  i n d u s t r i a l  p la t fo rm For 
mater ia l  p rocess ing  p roduc t i on  a n d  a t ended  ( o r  per iod ica l l y  manned) p l a t f o rm  a t  
p o l a r  inc l ina t ion  f o r  observa t ions  a n d  f o r  sate l l i te  se rv ice .  
T h i s  sect ion descr ibes t h e  major elements o f  t h e  a r ch i t ec tu re .  
2.1 I N I T I A L  SPACE STATION 
F i g u r e  2-1 shows t h e  concept  f o r  t h e  I n i t i a l  Space Stat ion ( ISS) wh i ch  f u l f i l l s  
t h e  near - te rm requ i rements .  I t  has a p ressu r i zed  co re  module t o  p r o v i d e  habi ta-  
t ion,  subsys tem stowage a n d  an area al located t o  l abo ra to r y  f unc t i ons .  E lect r ica l  
power  is  p r o v i d e d  by solar  a r r a y s  a n d  t h e r e  a r e  ex te rna l  areas f o r  w o r k  pe r fo rmed  
EVA and  f o r  sc ien t i f i c  observa t ions .  
Some o f  t h e  missions t o  b e  f l own  o n  t h e  28.5 d e g  inc l ina t ion  Space Stat ion have  
p o i n t i n g  o r  a t t i t u d e  requ i rements  t h a t  in f luence  t h e  select ion o f  t h e  overa l l  s ta t ion 
a t t i t ude .  F i g u r e  2-2 i l l u s t r a tes  t h e  co l lec t i ve  p o i n t i n g  requ i rements  o f  those  
missions a n d  shows a tab le  wh i ch  cons iders  t h e  impact  o f  these  requ i rements  on  t h e  
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stat ion i n  terms o f  degrees o f  freedom requ i red  and t h e i r  ranges. Two viable o r i -  
e%tati.ons a re  "Local Ver t i ca l  G Veloci ty  Vec tor "  f i x e d  and " l ne r t i a l l y  Fixed,, Sun 
Pointing." I n  al l  b u t  t h e  solar a r r a y  po in t i ng  requirement,  t h e  local ver t ica l /  
ve loc i ty  vec tor  f i x e d  or ientat ion has t h e  least demanding impact. With solar a r r a y  
point ing,  one of t h e  degrees o f  freedom can be indexed motion. Th i s  leaves j u s t  
one gimballed motion. Fur thermore  solar a r r a y  po in t ing  accuracy i s  no t  v e r y  s t r i n -  
gent  since cosine losses fo r ,  say, 5' misalignment i s  on l y  0.5%. 
2.1.1 Overa l l  Conf igurat ion 
In i t ia l l y ,  t h e  stat ion has one pressur ized core module which houses th ree  men, 
necessary subsystems, a l i f e  sciences laboratory area, and t w o  Ex t ra  Vehicular  
A c t i v i t y  (EVA) command pos t  contro l /moni tor  areas. Tunne l  extensions p rov ide  
b e r t h i n g  points  f o r  a v i s i t i ng  o r b i t e r .  Th i s  module is  shown and descr ibed i n  Sub- 
section 2.1.2. As w i l l  be  discussed later,  t h e r e  a re  two  EVA a c t i v i t y  areas i n  t h e  
evolved stat ion concept, each o f  which is  contro l led and monitored f rom t h i s  module. 
However w i t h  t h e  in i t ia l  station, on ly  one EVA area and, therefore, one command 
pos t  is  used. 
T h e  EVA ac t i v i t y  area on t h i s  in i t ia l  stat ion has a 9.15-m long s t ruc ture ,  
whose cross-sect ion is  a t r o u g h  which simulates t h e  o rb i t e r ' s  cargo bay .  Th i s  s u r -  
rogate, w i t h  i t s  equipment, caters t o  satel l i te servicing; it also per forms assembly 
f o r  space tes t i ng  and  is  used as t h e  in i t ia l  t r a n s p o r t  harbor .  
A n  ex terna l  subsystems pal le t  mounts bat ter ies f o r  d a r k  side power, conver-  
sion equipment and cont ro l  moment g y r o s  (CMG) f o r  a t t i t ude  cont ro l .  From t h i s  
pallet, a mast extends outboard t o  mount an astrophysics v iewing ins t rument  a t  i t s  
t i p .  The  mast length  is d ic tated by t h e  size o f  t h e  evolved solar a r r a y  and i ts  
movements necessary t o  t r a c k  t h e  sun.  T h e  tip ins t rument  requ i res  an unocculted 
view f o r  271. steradions, an t i -ear th .  T h e  solar a r r a y  is located so t h a t  it does not  
in te r fe re  w i t h  EVA act iv i t ies area, o r b i t e r  docking o r  t h e  unloading o f  payloads. 
T h e  solar a r r a y  prov ides 22 kW o f  cont inuous power. It is overs ized t o  com- 
pensate f o r  loss o f  e f fec t ive  area due t o  occultat ion f rom t h e  astrophysics ~~~~~~u- 
ments and suppor t  mast. It has one indexed motion t h a t  requ i res  incremental move- 
ments t o  tota l  2104 deg d u r i n g  one year  and a gimballed motion t h a t  moves a t  o r b i t  
ra te  t h r o u g h  t h e  s u n l i t  per iod  of t h e  orb i t ,  t hen  back t racks  t h r o u g h  t h e  d a r k  pe r i -  
od.  
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A logist ics module (L/M), descr ibed later, is  be r thed  t o  t h e  pressur ized mod- 
ule. An EVA air lock, assumed t o  b e  t h e  o r b i t e r  developed a i r lock  (A/L),  i s  also 
be r thed  t o  t h e  pressure  module, as shown. 
Be r th ing  t h e  o r b i t e r  t o  t h e  stat ion uses t h e  o r b i t e r  remote manipulator system 
- 
(RMS) t o  capture  t h e  stat ion and subsequent ly  t o  b e r t h  t h e  two vehicles. T h e  t u n -  
nels ex tend ing  f rom t h e  p ressu re  module p rov ide  t w o  opt ional b e r t h i n g  po r t s .  T h e  
p r e f e r r e d  a t t i tude o f  t h e  or-biter t o  t h e  stat ion is w i t h  i t s  cargo bay  paral lel  t o  t h e  
surrogate.  T h i s  allows f o r  easy t r a n s f e r  o f  materials. D u r i n g  t h e  t rans fer ,  EVA 
a c t i v i t y  i n  t h e  sur rogate  may b e  res t r i c ted  and i t s  hand l ing  and posi t ion ing a id  
(HPA)-mounted payloads moved o u t  o f  t h e  way. Al ternate ly ,  t h e  o r b i t e r  can b e  
be r thed  a t  45 deg t o  t h i s  posit ion, which leaves on l y  a small over lap  o f  cargo bay  
and sur rogate  b u t  is no t  as convenient f o r  t l i e  t r a n s f e r  o f  material. 
Mission act iv i t ies t o  b e  car r ied  o u t  a t  t h i s  in i t ia l  s tat ion a re  as fol lows: 
o Serv ic ing  o f  such satell i tes as AXAF - Stat ion involvement s ta r t s  w i t h  
launch of a te leoperat ing maneuver ing system (TMS) t o  re t r i eve  t h e  satel l i te 
and rendezvous w i t h  t h e  stat ion. T h e  RMS then  captures t h e  vehic le and 
be r ths  it t o  t h e  HPA arm, as shown i n  Fig. 2-3. Serv ic ing  is per formed by 
an EVA crewman mounted on an open c h e r r y  p i c k e r  (OCP) which is, i n  
t u r n ,  mounted t o  t h e  tip o f  t he  RMS. He can cont ro l  h is  own movements 
and/or  b e  contro l led by a crewman a t  t h e  cont ro l  s tat ion i n  t h e  pressure  
module. T o  a g rea t  extent,  t h i s  shar ing  and moni tor ing o f  EVA cont ro l  
func t ion  w i l l  b e  in f luenced by whether  o r  no t  t h e  EVA man has an EVA 
b u d d y  o r  no t .  A Proximi ty  Operations Vehic le (POV) is  available t o  b e  
f lown locally t o  assist  by observ ing  act iv i t ies w i t h  i t s  TV camera. 
o Serv ic ing  o f  such co-orb i t ing  fee f l y e r s  as Leasecraft  o r  Eureca - These 
f r e e  f l y e r s  a re  candidates t o  mount small space manufac tur ing  experiments, 
etc .  T h e y  p rov ide  t h e i r  own propuls ion and w i l l  rendezvous w i t h  t h e  sta- 
t ion  f o r  serv ic ing  o f  t h e i r  subsystems and/or  t h e i r  payloads. Th i s  is  pe r -  
formed in  t h e  satel l i te se rv i c ing  area and i n  a simi lar manner. if t h e i r  self 
contained propuls ion u n i t  becomes inoperat ive, t h e  POV o r  TMS can b e  sent  
t o  re t r i eve  t h e  f r e e  f l y e r .  
o Serv ic ing  o f  POV and  TMS propu ls ion  stages - T h e  HPA mounts t h e  stage 
whi le  t h e  RMS, w i t h  an EVA/OCP crewman, per forms t h e  serv ic ing .  Fuel 
resupp ly  is b y  t a n k  exchange. 
e Assembly o f  s t ruc tu res  o r  o ther  o r b i t e r  payloads f o r  t e s t  - Assembly opera- 
t ions a re  per formed i n  t h e  satel l i te serv ic ing  area. T h e r e  is an HPA avai l -  
able t o  p rov ide  a dexterous mount and  t h e  RMS can pe r fo rm assembly tasks 
e i ther  w i t h  appropr ia te  end ef fectors o r  w i t h  an EVA/OCP man a t  i t s  tip. 
0 Ear th  v iewing - Ear ly  on i n  t h e  program, t h e r e  i s  an ea r th  v iewing mission 
requ i red .  Th i s  ins t rument  is mounted on a pal le t  a t  t h e  ou tboard  t i p  o f  t h e  
sur rogate  s t r u c t u r e  t o  t r a c k  te r res t r i a l  ta rge ts .  
e Ast rophys ics  - IPS mount ing f o r  an astrophysics mission is  p rov ided  a t  t h e  
t i p  of t h e  solar a r r a y  mast extension. A   IT steradian, an t i -ear th  coverage 
is p rov ided .  
0 L i fe  sciences experiments - An area i n  t h e  pressur ized module has been set 
aside f o r  these experiments. 
2.1.2 Three-Man Core Module 
T h e  core module, r e f e r r e d  t o  as HabitaUSubsystem Module No. 1 (HSM No. I ) ,  
is t h e  p r imary  l i v i n g  and in te rna l  w o r k  area f o r  a three-man crew. I t  contains t h e  
requ i red  subsystems and crew provis ions f o r  t h e  In i t ia l  Space Station (ISS). 
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HSM No. 1 is  a 3.45-m dia x 8.7-m long pressur ized vessel w i t h  t w o  extend-  
able tunnels, each mount ing an axial  b e r t h i n g  r i n g  t o  b e r t h  t h e  Shut t le  d u r i n g  
Space Station assembly and  d u r i n g  subsequent v is i ts .  Each end dome o f  t h e  pres-  
su re  vessel contains a w o r k  stat ion and two  bubb le  canopy windows t o  moni tor  ac- 
t i v i t i es  i n  t h e  sur rogate  s t ruc tu re .  Two 1-m diameter tunne ls  i n  each end dome, 
when interconnected w i th  adjacent modules, p rov ide  access between t h e  habitats, 
labs and a i r lock.  
In te rna l ly ,  it is conf igured t o  p rov ide  crew accommodations, w i t h  requ i red  
subsystems, f o r  a three-man crew. T h e  subsystems hardware  i s  insta l led i n  modu- 
l a r  racks i n  t h e  cei l ing ove r  t h e  f u l l  length  o f  t h e  cent ra l  aisle and i n  d ispersed 
areas below t h e  f loor  boards.  
2.1 -2.1 St~uc-tures - F igu re  2-4 depicts  t h e  s t ruc tu ra l  eiements i n  HSM NO. 1. ' 
T h e  module, w i t h  stowed rad ia tor  panels, has overa l l  dimensions o f  3.66-m x 9.15-m 
long. These dimensions make it possible t o  fo ld  a sur rogate  s t r u c t u r e  around t h e  
module when loaded in to  t h e  payload bay  f o r  t h e  f i r s t  launch (see section A -A  i n  
F ig.  2-8). 
EXTENDABLE TUNNEL 
COMMAND POST 
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MATING/SERVICES BULKHEAD CANOPY (2) 
Fig. 2-4 Three-man Core Module (HSM 1) Structural Configuration 
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The module consists of  three elements. The f i r s t  element is a central cy l inder 
3.45 m in  diameter x 6.10-m long and two end cones each 4.30-m long. The central 
cy l inder mounts two 120 deg x 5.28-m long radiators folded against i ts  outer  shell. 
On o rb i t  these radiators are deployed outward about 0.10-m. Thus, they act as a 
micrometeoroid bumper shield. The central cy l inder contains s t ruc ture  forming a 
f loor and ceil ing area. The central aisle f loor contains removable floorboards f o r  
gaining access t o  equipment installed below. The ceil ing area over the  central aisle 
contains modular racks t o  which the various subsystem hardware elements are 
mounted. These units are readi ly removable f o r  repair, service o r  replacement. 
End cones, 1.30-m long, are attached t o  either end of the  cyl inder.  Each 
contains two bubble canopies and two connecting tunnels located 90 deg from the  
canopies. One bubble canopy, serves a control station used as a command post, 
while the other canopy is used f o r  general external viewing. Each connecting t un -  
nel mounts a mating/service r i ng  at  i ts  end. These are used f o r  interconnecting 
adjacent modules. When the  modules are connected, occupants of the Space Station 
can move between modules i n  an I V A  condition through 1.0 m inside diameter t un -  
nels. 
Tunnels 3.66-m long, w i th  ber th ing rings, are installed at  each end of the  
domes. A t  launch these tunnels are retracted into the cyl indrical port ion of  the 
module. I n  th is  configurat ion the  module total length is 9.15 m. When the module 
has been deployed from the  payload bay, t he  tunnels are manually deployed b y  EVA 
astronauts, and permanently attached i n  place, as shown in  Fig. 2-4. The total 
length of the module is now 16.47 m; the orb i ter  can ber th  to  the r ings on either 
extended tunnel. 
A pressure bulkhead is located inside t he  cyl indr ical  port ion of the module. 
I n  t he  event of pressurization loss in  t he  module, the three astronauts can seal the 
bulkhead and l ive  in the unaffected volume unt i l  rescued. 
2.1.2.2 Mechanisms/Berthing - The habitat/subsystem module contains several ma- 
jor mechanical devices needed t o  make th is  a viable configuration; they are as fol- 
lows : 
Extendable Tunnel - 3.66-m long tunnels are located at  each end of the  
module. These units are retracted into the  module a t  earth launch. The  
ber th ing r ings at  the end of the  tunnel  are but ted u p  against the end dome 
while the rest  of  the tunnel  is located inside the  module. EVA astronauts 
deploy these tunnels manually t o  i ts  f u l l y  extended position. The astro- 
nauts then permanently attach the  end f lange of  the tunnel  t o  the  inner 
surface of the module domes. A pressure seal is  achieved when t he  end 
f lange is i n  place. The inside diameter of the  tunnel  is 1.0 m. 
s Ber th ing Ring - The ber th ing r i ng  is  configured t o  mate two elements t o  
each other ( i .  e., module-to-module, orbiter-to-module, etc). Th is  r i ng  also 
contains umbilical interfaces fo r  subsystem support  (water, air, electrical 
and gases) 
s Radiator Panels - A t  launch, the  two radiator panels are stowed close t o  the 
outside diameter of the module in  order  t o  fit wi th in the folded surrogate 
s t ruc ture  i n  the  orb i ter  P /L  bay.  A f te r  removal f rom the payload bay, the 
panels are deployed from the module using remotely controlled actuators. 
Radiator deployment wi l l  place the  uni ts about 0.10 m away from the  outside 
shell of the module, thus prov id ing an effect ive meteorite protection shield. 
e Pressure Bulkhead - Th is  bulkhead is installed across the f u l l  diameter of 
the module. I t s  central port ion contains a 1.42-m dia opening f o r  passage 
of occupants wi th in the module. I n  the  event of damage t o  t he  module 
pressure shell, a hatch can be closed over the bulkhead opening. Three 
astronauts can surv ive i n  the undamaged volume of the module un t i l  rescue 
is effected. 
2.1 - 2 . 3  Crew Accommodations - These include the crew quarters, d in ing area, food 
stowage/prepara.tion, waste management installation, equipment installation, crew 
support  equipment, control station and crew provisions. Environmental control/ l i fe 
support system (EC/LSS), controls and displays (CGD) and l ight ing are other inte- 
r io r  equipments wi th which the crew interfaces. 
Figure 2-5 depicts a three-man core module. . 
2.1.2.3.1 Compartment Part i t ions - The three-man core module (HSM No. 1) 
requires compartment part i t ions that  wi l l  be erected b y  the  f l i gh t  crew in  o rb i t .  
Dur ing deployment, the extendable tunnels, described i n  Subsection 2.1.2.1 require 
a clear path opening 1.42 m i n  diameter down the  central pa r t  of  the cyl inder.  
When these tunnels have been extended, the central aisle can be reduced t o  0.9 rn 
t o  provide reasonable volume f o r  the wardrooms, galley and waste management a r -  
eas. The part i t ions are folded at  earth launch, out  o f  the way o f  the tunnel ex- 
tension volume, and are then hinged in to  position on o r b i t  t o  form the  compartments 
as shown in Fig. 2-5. 
2.1.2.3.2 Area Layout - HSM No. 1 is configured wi th  i ts f loor and ceil ing 
runn ing almost the ent i re length of  the cyl inder.  Elements installed in  th is  area 
are i n  the conventional architectural manner. The elements in  the  end domes are 
installed perpendicular to  those in the cyl indrical cross section. 
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Fig. 2-5 Three-man Core Module (HSM 1) - Interior Config - (Sheet 2 of 2) 
2.1.2.3.3 C r e w  Wardrooms - HSM No. 1 conta ins a one-man and  a two-man 
wardroom. T h e  one-man wardroom has a f l o o r  area o f  approx imate ly  1.28 m2 a n d  
2 t h e  two-man wardroom about  1.75 m . T h e  one-man wardroom conta ins a Sky lab -  
t y p e  sleep bag, w r i t i n g  desk, chai r ,  f l oo r  t o  ce i l i ng  l ocke r  a n d  a small en te r t a i n -  
men t  cen te r .  T h e  two-man wardroom i s  s im i la r l y  equ ipped  b u t  w i t h  t w o  sleep bags.  
En t rance  t o  t h e  wardroom is  ga ined  t h r o u g h  f o l d i n g  doors,  s imi lar  t o  those  used  i n  
S k y l a b .  
2.1.2.3.4 Food Prepara t ion  & D i n i n g  - A dedicated area has been estab l ished 
f o r  food stowage, p repa ra t i on  a n d  d i n i n g .  Because o f  stowage volume l imitat ions, a 
seven-day s u p p l y  o f  food is  s to red  i n  t h e  hab i ta t .  A r e f r i g e r a t o r  a n d  f r eeze r  a r e  
p r o v i d e d  f o r  l imi ted stowage o f  she l f  s tab le  food.  T h e  b u l k  o f  t h e  90-day food  
s u p p l y  is  located i n  t h e  log is t ics  module.  A n  oven  i s  p r o v i d e d  f o r  p repa ra t i on  of 
food .  T h e  d i n i n g  area can seat t h r e e  crewmen a t  one t ime f o r  each meal. Waste is  
packaged a n d  s to red  i n  t h e  log is t ics  module.  
2.1.2.3.5 Waste Management (W/M) - A separate compartment is  p r o v i d e d  f o r  
hyg iene  a n d  waste management f unc t i ons .  T h i s  room conta ins a feca l /u r ina l  col lec- 
t o r ,  body  c leans ing system a n d  vomi tus co l lec tor .  
2.1.2.3.6 L i f e  Science A r e a  - A n  area has been se t  as ide f o r  c rew  l i f e  science 
2 f unc t i ons .  T h e  f l o o r  area avai lab le  ( i n c l u d i n g  t h e  cen t ra l  aisle) is  abou t  2.14 rn . 
T h i s  area is  t o  b e  used  f o r  c rew  cond i t i on ing  on t h e  90-day mission cyc les.  S ince 
t h i s  area i s  l imi ted i n  size, t h e  dev ices used  f o r  t h i s  f u n c t i o n  w i l l  have  t o  b e  mov- 
ab le  and  s towed when no t  i n  use. 
2.1.2.3.7 Subsystem Equ ipment  - T h e  subsys tem elements a r e  ins ta l led  i n  
modular  r a c k s  located t h e  f u l l  l e n g t h  o f  t h e  ce i l i ng  above t h e  cen t ra l  a is le.  Con- 
t r o l s  f o r  t hese  subsystems (EC/LSS, e tc)  a r e  al l  located on  t h e  u n i t s  i n  t h e  ce i l i ng .  
Wir ing,  duc t ings ,  e t c  a re  r o u t e d  above  t h e  ce i l i ng  ou tboa rd  o f  t h e  subsystem modu- 
l a r  elements. T h e  area below t h e  f l o o r  conta ins a l l  f i x e d  ha rdware  items, t u b i n g  
runs ,  w i r i n g  and  duc t s .  Removable f loo rboards  i n  t h e  cen t ra l  a is le p rov ides  access 
t o  t h e  cen t ra l l y  located items. 
2.1.2.3.8 Command Post  - A command pos t  i s  located a t  e i t h e r  e n d  o f  t h e  
hab i ta t .  A b u b b l e - t y p e  dome window is located i n  t h e  conical  sect ions o f  t h e  mod- 
ule. An astronaut  can stand a t  h is  cont ro l  s tat ion w i t h  h is  head ins ide t h e  bubb le  
and obta in a downward view in to  t h e  sur rogate  s t ruc tu re .  From t h i s  stat ion he  can 
moni tor  and cont ro l  al l  EVA func t ions  i n  t h e  sur rogate  s t ruc tu re .  T h e  command 
pos t  wi l l  ex tend down pa r t i a l l y  i n to  t h e  cy l indr ica l  section o f  t h e  module. T h e  con- 
t r o l  stat ion a t  t h e  top  o f  t h e  module w i l l  b e  used as t h e  pr ime command pos t  and 
t h e  one a t  t h e  bottom wi l l  be  used f o r  backup.  
2.1.2.3.9 Communication Cont ro l  Stat ion - A small cont ro l  stat ion is located i n  
t h i s  module. A l l  communications and data management func t ions  a re  monitored here. 
2.1.2.3.110 L i g h t i n g  - F i x tu res  a re  located i n  d isc re te  areas t o  p rov ide  t h e  
requ i red  in te rna l  l i gh t i ng .  L i g h t  f i x t u r e s  a r e  placed on t h e  ex te r i o r  surfaces t o  
l i g h t  a l l  ex terna l  wo rk  areas on t h e  Space Stat ion. 
2.1.3 Externa l  Subsystems Pallet 
Some subsystems and t h e i r  elements can b e  simpl i f ied if t h e y  can b e  serv iced 
by man. Th i s  manned serv ic ing  is  per formed most convenient ly  i n  shir ts leeves and, 
therefore,  equipment which benef i t  most f rom t h i s  serv ic ing  should b e  located i n  t h e  
pressur ized module. However, t h i s  demands premium volume wh ich  leads t o  a l a rg -  
e r  module o r  t o  more o f  them, and so t o  h ighe r  cost.  I t  follows, therefore,  t h a t  
where pract ical ,  subsystem elements should b e  located outs ide t h e  pressure  module, 
pa r t i cu la r l y  if t h e y  a re  serv iced by be ing  replaced o r  a re  hazardous. 
Batter ies, some power conversion equipment and cont ro l  moment gy ros  a r e  
sui table candidates f o r  be ing  mounted ex terna l ly .  These items a r e  ground-mounted 
on a pal le t  t h a t  is  compatible w i t h  t h e  o r b i t e r  cargo bay .  T h e  Spacelab pal le t  is  a 
p r ime candidate f o r  t h i s  job. Location o f  t h e  ex terna l  subsystems pal le t  is shown i n  
F ig .  2-2. It is  mounted o f f  t h e  p ressu re  module and it suppor ts  t h e  solar a r r a y  
mast. 
2.1.4. I n i t i a l  Surrogate B a y  
T h e  EVA ac t i v i t y  area on t h i s  in i t ia l  s tat ion requ i res  a s t r u c t u r e  on which t o  
mount EVA equipment. T h e  sur rogate  bay  has a 9.15-m long s t ruc ture ,  whose 
cross section is a t r o u g h  which simulates t h e  o r b i t e r  cargo bay and can p rov ide  t h e  
same payload mount ing points .  Thus,  o r b i t e r  mission equipment developed f o r  
rnounting i n  i t s  cargo bay  can b e  used on t h e  Space Station and mounted d i rec t l y  i n  
t h i s  sur rogate  payload bay  s t ruc tu re .  Similarly, payload t ranspor ted  t o  t h e  SS o r -  
bit i n  t h e  STS O r b i t e r  can b e  t r a n s f e r r e d  d i rec t l y  f rom t h e  O r b i t e r  t o  t h i s  s u r r o -  
gate s t ruc tu re .  A f u r t h e r  benef i t  is  that ,  if o r b i t e r  equipments a re  used f o r  sta- 
t ion  EVA act iv i t ies and t h e i r  locations a re  dupl icated, ast ronaut  t r a i n i n g  is less 
cost ly .  I n  t h e  in i t ia l  station, t h e  sur rogate  caters t o  satel l i te serv ic ing  and t o  as- 
sembly f o r  space tes t ing .  
T h e  outboard  sur face o f  t h i s  s t r u c t u r e  can mount radiator  panels t o  dissipate 
heat generated b y  t h e  equipments mounted i n  t h e  bay .  
2.1.5 In i t ia l  Observa tory  
As a discipl ine, celestial observat ion requ i res  2~ steradians, an t i -ear th  v iew- 
ing .  Consequently, t h e  inst ruments must  b e  mounted so t h a t  t h e i r  v iewing is  no t  
occul ted b y  t h e  solar a r r a y  and i t s  movements. T h e  a r r a y  i tse l f  has v iewing re-  
quirements t h a t  can on ly  be  met by mount ing t h e  a r r a y  on  t h e  outboard, an t i -ear th  
side o f  t he  Space Stat ion. T h e  resu l t  o f  these requirements is t h a t  t h e  observa tory  
must b e  t h e  most an t i -ear th  ou tboard  fac i l i t y  on  t h e  stat ion. I n  t h e  in i t ia l  stat ion 
concept, t h e  observa tory  comprises one ins t rument .  T h i s  is  all t h a t  can b e  
launched as p a r t  o f  t h e  operat ional assembly resu l t ing  f rom two  o r b i t e r  launches. 
Another  o r b i t e r  launch can, o f  course, b r i n g  u p  more celestial inst ruments w i t h  
t h e i r  necessary po in t i ng  systems. T h e y  could be  added t o  t h e  observa tory  and 
handled as descr ibed i n  Subsection 2.2.1 f o r  t h e  evolved Space Station observa tory .  
2.1.6 A i r lock  
T h e  a i r lock is  t h a t  ut i l ized b y  t h e  o r b i t e r .  It is  sized t o  hold two  crew mem- 
bers  w i th  f u l l  ex t ra  mobi l i ty  u n i t  (EMU) equipment. A l l  contro ls  f o r  operat ion of an 
a i r lock  are  located inside t h i s  compartment. T h e  a i r lock  has two  ingress/  egress 
hatches. 
On t h e  in i t ia l  Space Station, it is connected t o  HSM No. 1, as shown on Fig. 
2-1. On t h e  evolved Space Station t h e  a i r lock is  relocated t o  t h e  mating r i n g  on 
one o f  t he  laboratories, t h i s  is  descr ibed i n  Subsection 2.2. 
2.1 - 7  Logist ic  Module 
F igure  2-6 i l lust rates a concept f o r  a logist ics module (L/M). For  t h e  evolved 
space stat ion (ESS) th ree  modules w i l l  b e  requ i red .  One i s  attached t o  t h e  Space 
Station, one is k e p t  on ear th  be ing  prepared f o r  f l igh t ,  and one is  a spare, These 
ex t ra  modules p rov ide  f o r  rap id  t u r n a r o u n d  f o r  t h e  90-day missions. 
SPACE STATION 
RESUPPLYISPARE 
PARTS HARDWARE 
\ 
R83-0663-018(T) V83-0165-264(T) 
Fig. 2-6 Logistics Module 
T h e  L/M is conf igured as a pressure  module 4.37 rn i n  diameter x 3.05-m long. 
In te rna l ly ,  it contains resupp ly  items f o r  d i rec t  access by shi r ts leeved crewmen. 
External ly ,  t h e  module mounts resuppl ies which a re  stored under  h igh  pressure  o r  
have o ther  safety issues. An STS pal le t  can b e  attached t o  t h e  end o f  t h e  module 
on those f l ights car ry ing logistics f o r  EVA activit ies. The  total length of  the L/M 
wi th pallet is 6.10 m. 
3 The pressurized module of the L/M has an approximate volume of  29.0 an with 
3 
about 20.0 m available f o r  storage. The optional pallet can accommodate about 25.0 
3 
m of hardware items. 
The  end o f  the pressurized compartment wi l l  contain a ber th ing r i ng  wi th me- 
chanical, electrical, f l u id  and gas l ine interfaces located around i ts  per iphery.  
Pressurized gases and toxic f lu ids  wil l  be plumbed outside the pressurized interface 
between mating modules. The L/M is connected t o  the habitat module via the 
ber th ing r i ng  interface. 
The  L/M wil l  be berthed t o  Habitat/Subsystem Module No. 1 in the ISS 
configuration and HM No. 2 i n  the  ESS configurat ion. The  habitats are configured 
t o  accept the L/M on either end of the module. Once it is berthed, the hatch is 
opened so tha t  the  crew can move f reely between mated modules in an IVA 
condition. The habitat is configured t o  stow a limited supply of  food, clothes, etc. 
For t h i s  reason the Space Station should be off-loaded wi th equivalent items tha t  
are brought  on board from the  L/M. Al l  wastes are stored i n  the L/M f o r  re tu rn  t o  
earth. 
Figure 2-7 l ists elements to  be delivered via the  L/M t o  the Space Station. 
2.1.8 Launch G Assembly 
The  init ial  operational Space Station can be t ransported t o  o rb i t  i n  two Shutt le 
launches. The arrangement of equipments in  the orb i ter  cargo bay f o r  each of the 
two launches is shown in Fig. 2-8. 
The  top sketch shows the payload bay configurat ion of STS No. 1. The ele- 
ments installed in  the payload bay include the  following: 
e Habitat/Subsystem Module No. 1 (3.45-113 dia x 9.15-m long) 
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e Sur roga te  S t r u c t u r e ,  9.15-m l ong  ( fo lded  a r o u n d  HSM No. 1) - t h i s  scheme 
saves launch  costs f o r  a separate ly  c a r r i e d  s u r r o g a t e  b u t  a t  t h e  expense of 
p r e s s u r e  vessel  d iameter  
A i r lock ,  s ized t o  accommodate t w o  men w i t h  EMUS (ca r r i ed  i n  t h e  STS ex -  
t e r n a l  a i r l ock  locat ion) 
e F l i g h t  S u p p o r t  Stat ion/Manned Maneuver ing  U n i t  (FSS/MMU), (STS develop-  
ment  hardware)  
Open C h e r r y  P icker  (OCP), (STS Development hardware)  
e Pal let  w i t h  subsystem equipment  
e Pal let  w i t h  so lar  a r r a y  a n d  mast (pa l le t  remains w i t h  STS) 
o HPA a n d  C rad le  Assembly (NASA f u n d e d  development  by Grumman - r e -  
mains w i t h  STS) .  
Assembled components c a r r i e d  o n  t h i s  f i r s t  l aunch  a r e  shown i n  F ig .  2-9. 
Main equipments used  i n  assembly a r e  t h e  o r b i t e r  RMS, t h e  assembly HPA, t h e  OCP 
mounted  t o  t h e  RMS e n d  e f f ec to r  a n d  c a r r y i n g  an EVA crewman, t h e n  f i n a l l y  an 
EVA man w i t h  h is  MMU. 
- -. 
- * 
A s imp l i f i ed  scenar io  f o r  assembl ing t h e  ISS  w i t h  t h e  f i r s t  l aunch  equipment  i s  
as fo l lows:  
2.1.8.1 STS LAUNCH No. 1 
e U s i n g  t h e  STS RMS, t h e  9.15-m Habi ta t /Subsystem Module No. 1 a n d  t h e  
w rapped  a r o u n d  s u r r o g a t e  s t r u c t u r e  a r e  dep loyed  c lear  o f  t h e  o r b i t e r  
0 A n  EVA crewman en te rs  t h e  hab i t a t  module a n d  pushes t h e  3.66-m tunne l s  
o u t w a r d  u n t i l  seated o n  t h e  i n te rna l  su r f ace  o f  t h e  module e n d  domes. T h e  
as t ronau t  fastens t h e  t unne l s  i n  place. T h e  module is  now con f i gu red  w i t h  
a t u n n e l  ex tend ing  3.66 m o u t  f r o m  each end .  
e T h e  RMS mounts  t h e  module t o  t h e  HPA f o r  complet ion o f  t h e  b u i l d u p  
e T h e  STS RMS removes t h e  3.15-m long  s u r r o g a t e  s t r u c t u r e  f r o m  a round  t h e  
hab i ta t .  A n  EVA as t ronau t  operates t h e  mechanism wh i ch  opens t h e  s u r r o -  
ga te  s t r u c t u r e  t o  i t s  f u l l  w i d t h  a n d  a t tach  necessary c ross  b r a c i n g  
0 T h e  STS RMS a n d  an EVA as t ronau t  move t h e  s u r r o g a t e  s t r u c t u r e  t o  i t s  
pos i t ion  aga ins t  t h e  s ide o f  t h e  hab i t a t  module a n d  a t tach  it i n  place 
T h e  STS RMS removes t h e  ex te rna l  subsys tem pal let ,  w i t h  i t s  contents,  
f r o m  t h e  pay load b a y  a n d  locates it aga ins t  t h e  opposi te  s ide  o f  t h e  hab i t a t  
module.  T h e  EVA as t ronau t  secures it i n  place 
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Fig. 2-9 Initial Space Station - Assembly of Launch 1 Components 
e T h e  STS RMS removes t h e  a i r l ock  f r o m  t h e  pay load  b a y  a n d  places it i n  po -  
s i t i on  against  one o f  t h e  s h o r t  t unne l s  a t  t h e  t o p  p a r t  o f  t h e  hab i t a t  mod- 
ule.  T h e  EVA as t ronau t  w i l l  secure t h e  a i r l ock  t o  t h i s  t u n n e l  
e T h e  STS RMS removes t h e  con ten ts  f r o m  t h e  pa l le t  remain ing i n  t h e  pay load 
bay .  EVA as t ronau ts  w i l l  assemble these  u n i t s  i n t o  a so lar  a r r a y  w i t h  sup -  
p o r t i n g  mast. T h i s  u n i t  i s  a t tached  t o  t h e  f a r  e n d  o f  t h e  ex te rna l  
subsystems pa l le t .  T h e  mast  is  p r e s e n t l y  conceived as be ing  assembled 
f r o m  about  f i v e  compact f o l ded  segments, each o f  wh i ch  is  c a r r i e d  by a 
t e t h e r e d  EVA/MMU crewman, at tached, t h e n  un fo lded .  Solar a r r a y  panels 
a r e  "SEPS" ex tens ib le  t y p e  a n d  w i l l  b e  t r a n s f e r r e d  a n d  ins ta l led  by t h e  
EVA/MMU crewman, t h e n  dep loyed  
e T h e  STS RMS removes t h e  FSS/MMU a n d  OCP f r o m  t h e  f r o n t  o f  t h e  pay load 
b a y  a n d  re - ins ta l l s  it i n  t h e  s u r r o g a t e  s t r u c t u r e .  
T h e  o r b i t e r  t h e n  r e t u r n s  t o  e a r t h  leav ing  t h e  s ta t ion qu iescen t  and  unmanned. 
I n  p o i n t  o f  fact ,  t h e  o n l y  element m iss ing  f r o m  t h i s  f i r s t  launched assembly, 
wh i ch  wou ld  enable it t o  b e  l e f t  manned, is  necessary log is t ics  such  as food, e tc .  
Normal ly  these  a re  supp l i ed  by a r o u t i n e  log is t ics  v i s i t  w i t h  a module b u t ,  f o r  t h i s  
f i r s t  launch, these suppl ies cou ld  b e  located somewhere i n  t h e  p r e s s u r e  module, 
enough f o r  t w o  men f o r  t h e  p e r i o d  u n t i l  t h e  second launch.  
2.1.8.2 S T S  Launch No. 2 
T h e  second launch o r b i t e r  ca rgo  b a y  a r rangement  i s  also shown i n  F ig .  2-8.  
T h e  s tanda rd  dock ing  module shown i n  t h e  STS pay load accommodations document is  
des igned  f o r  dock ing  loads a n d  p rov ides  an a i r lock .  It i s  sugges ted  t h a t  a 
b e r t h i n g  f i x t u r e ,  such  as t h a t  shown i n  F ig .  2-10, wou ld  occupy  less ca rgo  b a y  
l eng th  and  b e  less o f  a pay load w e i g h t  pena l t y .  Equipments c a r r i e d  o n  t h i s  launch  
inc lude :  
e Logis t ics  Module w i t h  pa l le t  a n d  equipment  a t tached (90-day s u p p l y  f o r  
t h r e e  men 
e Pal let  w i t h  celest ia l  i ns t rumenta t ion  (pa l le t  remains w i t h  STS) 
e Pal let  w i t h  celest ia l  v i ew ing  IPS a n d  mast (pa l le t  remains w i t h  STS) 
e HPA a n d  c rad le  assembly 
e HPA a n d  c rad le  assembly (remains w i t h  STS) 
o TMS a n d  c rad le  assembly 
o POV 
o Manned Res t ra i n t  Work System (MRWS) 
o RMS 
o B e r t h i n g  r i n g / t r a n s f e r  t u n n e l  (remains w i t h  STS) 
o RMS (remains w i t h  STS) . 
o T h e  STS RMS removes t h e  Space Stat ion HPA a n d  c rad le  assembly f r o m  t h e  
pay load  b a y  a n d  ins ta l l s  it i n  t h e  s u r r o g a t e  s t r u c t u r e  
Fig. 2-10 Proposed Berthing System for Orbiter to Space Station Mating 
F i g u r e  2-11 shows whe re  these second launched elements a r e  located ( t h e  f i r s t  
launched items a r e  shown i n  phantom).  T h e  o r b i t e r  b e r t h s  t o  t h e  t u n n e l  extens ion 
o f  t h e  p r e s s u r e  module and, u s i n g  i t s  RMS a n d  EVA man w i t h  h i s  aids, t h e  items 
a r e  assembled t o  t h e  f i r s t  l aunch  assembly. 
T h e  s impl i f ied scenar io  f o r  assembly is  as fol lows: 
o T h e  STS RMS acqu i res  t h e  space s ta t ion  a n d  b e r t h s  t o  t h e  ex tended  t u n n e l  
o n  I.oabitat/subsystem module No. 1 
o T h e  STS HPA removes t h e  log is t ics  module f r o m  t h e  pay load b a y  a n d  b e r t h s  
it t o  t h e  hab i ta t .  
o T h e  RMS removes t h e  mast extens ion segments f r o m  t h e  pa l le t  i n  t h e  a f t  
p a r t  o f  t h e  pay load b a y .  EVA as t ronau ts  w i l l  assemble these  segments i n t o  
a celest ia l  v i ew ing  t owe r  and  p la t fo rm.  
e T h e  STS RMS removes t h e  TMS a n d  c rad le  assembly f r o m  t h e  pay load b a y  
a n d  insta l ls  it i n  t h e  s u r r o g a t e  s t r u c t u r e  
e T h e  STS RMS removes t h e  MRWS f r o m  t h e  pay load  b a y  a n d  ins ta l l s  it i n  t h e  
s u r r o g a t e  s t r u c t u r e  
0 T h e  STS RMS removes t h e  POV f r o m  t h e  pay load b a y  a n d  ins ta l l s  it i n  t h e  
s u r r o g a t e  s t r u c t u r e  
e T h e  STS RMS removes t h e  second RMS f r o m  t h e  pay load  b a y  s ta rboa rd  
stowage a n d  ins ta l l s  it on  t h e  su r roga te  s t r u c t u r e  shou lde r  
e T h e  o r b i t e r  b e r t h s  t o  t h e  obse rva to r y  tower ,  v ia  i t s  HPA.  T h e  RMS t h e n  
t r a n s f e r s  a n d  ins ta l l s  t h e  as t rophys i cs  ins t rument ,  w i t h  i t s  IPS, t o  t h e  
t o w e r  tip. 
e A l l  items compr is ing  t h e  ISS have  now been assembled. 
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Fig. 2-1 1 Initial Space Station - Assembly of Launch 2 Components 
2.2 EVOLVED SPACE S T A T I O N  
T h e  Space Stat ion can g r o w  t o  t h e  con f i gu ra t i on  shown i n  F i g .  2-12. Basical-  
ly, i t s  phys i ca l  evo lu t ion  w i l l  b e  accompl ished by t h e  add i t ion  o f  p ressu r i zed  
modules, t h e  add i t ion  o f  su r roga te  s t r u c t u r e s  t o  increase EVA a c t i v i t y  area, more 
so lar  a r r a y  area t o  meet increased e lect r ica l  power  demands a n d  increased observa-  
t i on  capab i l i t y .  
- 66 kw CONTINUOUS 
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Fig. 2-12 Evolved Space Station Configuration 
2.2.1 Overal l  Configurat ion 
I n  the  early years, a space manufacturing laboratory and a science/R&D lab- 
oratory are added t o  the " ini t ial" station complex. These laboratories use the same 
shell as the " ini t ial" station habitation and the i r  in ter ior  layouts are discussed En 
Subsection 2.2.4. Manning of the station increases incrementally t o  a total of nine 
permanent residents. Therefore, b y  1993, two 3-man habitation modules t o  house 
six more men are added to  the complex. These two modules are replications of  the 
ini t ial  habitation module and appear t o  be more cost effect ive than a new G-man 
module. The costing section (Volume I I - Book 3) reflects th i s  conclusion. Thus, 
the "evolved" station has f i ve  identically sized pressurized modules. The i r  
arrangement is shown in  some detail i n  Fig. 2-13. The modules are attached t o  
each other b y  the tunnels tha t  extend from each cone end. There is now a re- 
dundant escape path from each module, and inter-module t r a f f i c  f low is clear of the 
main act iv i ty  area in  each module. The outboard tunnels on each of  the two end 
modules can mount logistics modules, air-lock, added labs, etc, as shown in  the 
f igure.  
When three of the modules are launched t o  o rb i t  in  the Shuttle, a 9.15-rn 
length of surrogate s t ruc ture  is launched wi th  each in  the wrapped around launch 
configuration described i n  Subsection 2.1.8. Now, wi th  the  in i t ia l ly  launched 
surrogate structure, there are fou r  lengths which, when paired, provide the 
lengthened satellite service/space test  EVA area s t ruc tu re  and the t ranspor t  harbor 
f o r  upper stage service and turnaround. 
These incremental additions of  pressure modules and of surrogate structures 
are handled b y  the orb i ter  RMS. When the orb i ter  is berthed t o  either of  the two 
ber th ing tunnels extending from the  ini t ial  habitat module, i ts  RMS unloads the par -  
t icular  equipment and places it i n  i ts desired location. The station RMS with an 
EVA/OCP man at  i ts  t i p  wi l l  assist i n  these operations. 
Activi t ies in  the satellite service/space test faci l i ty  continue t o  be as described 
f o r  the ini t ial  station in  Subsection 2.1.1. The faci l i ty  is now larger t o  permit 
storage in  the lengthened surrogate and the  addition of  station equipments which 
wil l be identi f ied as later studies evaluate operations in  more detail. 
One of the space tests identi f ied f o r  the  space test  faci l i ty  is the deplo)/ment, 
checkout and calibration of a 100-m dia phased a r ray  antenna. This antenna was 
assumed t o  be the  wire wheel, self-deploying type  presently under development b y  
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Fig. 2-13 Evolved Space Station - Arrangement of Pressurized Modules 
Grumman. As indicated in  Fig. 2-12, it wil l  be mounted by i ts  feed end on a pallet 
that  is mounted in  either of  the  two surrogates, whichever is convenient at  the 
time. A following o r  leading co-orbi t ing RF source f ree f l ye r  (using either a POV 
o r  TMS) transmits to  the antenna while the antenna mast is swung through a 180 
deg arc about the local vet-tical. The  antenna is now rotated, say, 30 deg about 
the mast axis and is then swung back through the  180 deg arc. This is repeated 
unt i l  the antenna surface has been covered and calibrated. 
Another space test  is the checkout of an optical bench. This bench s t ruc ture  
and appendages are contained i n  a 4-m cube envelope f o r  t ranspor t  to  o rb i t  i n  the 
shuttle, b u t  f o r  operation the envelope is extended t o  be 40-m long x 4-2 rn. As 
shown i n  Fig. 2-12, the cube envelope is mounted in  a surrogate s t ruc ture .  The 
extension t o  40 m wil l  be outboard along the local vertical, then, a t  the end of  the 
test, the  faci l i ty  wi l l  be retracted back t o  i t s  4-m cube and returned t o  earth or, if 
necessary o r  convenient, it may remain stored on the  surrogate. 
OTV turnaround is shown i n  Fig. 2-14. The OTV is assumed to  use storable 
propellants contained i n  a single tank assembly. Refueling is b y  exchanging the 
empty tank assembly f o r  a ground-f i l led one. The propulsion stage is serviced at  
the station. A proposed sequence is shown in  the  f igure.  The returned OTV is 
captured b y  the  RMS and berthed t o  an HPA arm. The empty propel lant tank is 
removed and stowed b y  the RMS. Now the  propulsion stage subsystems are ser- 
viced. A new propellant tank assembly is installed and connected; then, the OTV 
payloads are installed, as shown. Check out, separation and launch follow. 
Power requirements are increased incrementally by adding, an area equivalent 
to  the ini t ial  station ar ray t o  provide a total of 44 kW continuous. Later on, a f u r -  
the r  addition of  the same increment br ings the total power output  capabil ity t o  66 
kW continuous, suff icient unt i l  at  least the  year 2000. These increases are 
achieved b y  a tethered EVA man on his MMU/WRU t ransfer r ing each folded solar 
ar ray panel t o  i ts  mount on the  cross arm, then actuating i ts  SEPS-type 
deployment. 
Extra batteries are required t o  provide the  increased power demand on the 
dark  side of the orb i t .  These are mounted on the added subsystems pallet, located 
next  t o  the exist ing external subsystems pallet (see Subsection 2.2.2). 
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Fig. 2-14 O N  Turnaround 
A n  e a r t h  v i ew ing  T e r r e s t r i a l  Meterological  S u p p o r t  observa t ion  system is  t o  op-  
e ra te  f o r  a p e r i o d  subsequent  t o  t h e  ISS. It w i l l  b e  accommodated a t  t h e  ou tboa rd  
e n d  of t h e  s u r r o g a t e  s t r u c t u r e s  whe re  it w i l l  moun t  o n  an  IPS f o r  f i n e  po in t i ng .  
It may b e  necessary t o  i n h i b i t  i t s  v i ew ing  f o r  per iods  wh i l e  such  space t es t s  
as antenna deployment  ca l ib ra t ion  o r  op t i cs  t e s t  on  t h e  ex tended t e s t  bench  is  go ing  
on. 
T h e  number  o f  as t rophys ics  i ns t rumen ts  increases t o  s ix  d u r i n g  t h e  evolved 
pe r i od .  One p rob lem w i t h  many i ns t rumen ts  wh i ch  need phys i ca l  s t ee r i ng  is  t h a t  
t h e i r  con f l i c t i ng  p o i n t i n g  requ i rements  wou ld  lead t o  e i t h e r  sequent ia l  v i ew ing  
res t r i c t i ons  o r  t o  a v a s t  p l a t f o rm  t h a t  ensures n o  con f l i c t .  Fo r  t h i s  Space Stat ion, 
we  have  selected sequent ia l  v i ew ing .  As  t h e  s ta t ion  evolves, more  i ns t rumen ts  a r e  
b r o u g h t  t o  t h i s  observa to ry ,  b u t  o n l y  t w o  i ns t rumen ts  can opera te  a t  one t ime. 
Each is  .moun ted  t o  an IPS a n d  operates f o r  a p rede te rmined  per iod .  T h e  
ins t ruments  n o t  i n  use  a r e  stowed. Be ing  a manned stat ion, t h e  ins t ruments  can b e  
changed o u t  a t  t h e  e n d  o f  t h e  p e r i o d  o r  i f a special  even t  v i ew ing  i s  r equ i red .  
. - .  
T h e  s towed i ns t rumen ts  a r e  mounted as shown t o  t h e  ou tboa rd  sect ion o f  t h e  
mast. Here, t h e y  d o  n o t  i n h i b i t  so la r  a r r a y  movements. A n  EVA-opera ted  RMS is 
mounted i n  t h i s  reg ion  t o  hand le  t h e  t r a n s f e r  o f  i ns t rumen ts  f r o m  IPS mount  t o  
stowage a n d  t h e  reverse .  De l i ve ry  o f  these  added as t rophys ics  ins t ruments  t o  t h e  
obse rva to r y  i s  by t h e  s h u t t l e  b e r t h i n g  w i t h  i t s  HPA e n d  e f f ec to r  t o  a b e r t h i n g  
p o i n t  on  t h e  obse rva to r y  s t r u c t u r e .  T h e  RMS t r a n s f e r s  t h e  ins t ruments  f r o m  cargo  
b a y  t o  obse rva to r y  mount .  T h i s  d e l i v e r y  opera t ion  can o n l y  t a k e  place a t  a t ime of  
t h e  y e a r  when t h e  i ndexed  pos i t ion  o f  t h e  so la r  a r r a y  a n d  i t s  associated ro ta t ion  
leaves a su i tab le  c o r r i d o r .  
2.2.2 Add i t iona l  E x t e r n a l  Subsys tem Modules 
Add i t iona l  power  requ i rements  a r e  sa t i s f ied  by a d d i n g  so la r  a r r a y s  t o  t h e  
source, a n d  more ba t t e r i es  f o r  d a r k  s ide power .  These  bat ter ies,  w i t h  t h e i r  asso- 
c ia ted power  convers ion  equipment,  etc, a r e  mounted o n  a subsystems pa l le t  on  t h e  
g r o u n d  a n d  b r o u g h t  u p  i n  t h e  Shu t t l e .  When b e r t h e d  t o  t h e  s ta t ion,  t h e  o r b i t e r  
RMS t r a n s f e r s  t h i s  pa l le t  t o  b e  back- to -back  w i t h  t h e  e x i s t i n g  ex te rna l  subsystems 
pal le t .  T h i s  second pa l le t  has an  iden t i ca l  p r i m a r y  s t r u c t u r e  as t h e  f i r s t  pal let ,  
w i t h  pe rhaps  modi f ied secondary s t r u c t u r e  t o  mount  more ba t te r ies .  
2.2.3 Add i t i ona l  Sur roga tes  
Subsect ion 2.1.4 descr ibed  t h e  bas ic  s u r r o g a t e  b a y  s t r u c t u r e .  It comes i n  
9.75-rn l eng ths  t o  b e  compat ible w i t h  t h e  p r e s s u r e  module a r o u n d  wh i ch  it i s  
w rapped  f o r  launch.  I n  t h e  evo lved  s ta t ion  con f igura t ion ,  t h e r e  a r e  t w o  EVA a r -  
eas, each o f  wh i ch  requ i res  an  18.3-m l ong  s u r r o g a t e  s t r u c t u r e .  Thus ,  f o u r  
9.15-m l eng ths  a r e  r e q u i r e d  a n d  these, convenient ly ,  can b e  launched w i t h  f o u r  
p ressu r i zed  modules. T h e  i n i t i a l  s ta t ion  p r o v i d e d  a 9.15-m l eng th  a n d  t h e  equ ip -  
rnents f o r  sate l l i te  se rv i c i ng .  T h i s  is  now ex tended  t o  b e  a f u l l  l e n g t h  s t r u c t u r e  
w i t h  room f o r  moun t i ng  space t e s t  assemblies a n d  stowage. 
T h e  seconcl EVA a c t i v i t y  area i s  f o r  O T V  t u r n a r o u n d  a n d  uses a f u l l  l e n g t h  
su r roga te  s t r u c t u r e  t h a t  is  mounted  back - t o -back  w i t h  t h e  o t h e r  sur roga te .  Equ ip -  
ments  f o r  t h i s  a c t i v i t y  a r e  d iscussed  i n  Subsect ion 2.2.1.  
2 . 2 - 4  Labora to r ies  
T h e  l abo ra to r y  modules a r e  sized t h e  same as t h e  hab i t a t  modules. T h e y  a r e  
connected t o  t h e  hab i ta ts  by means o f  t h e  r i g h t  ang le  t u n n e l  connectors .  Hatches 
a r e  located a t  t h e  ends o f  each t u n n e l  so t h a t  t h e  l abo ra to r y  can b e  isolated f r o m  
t h e  r e s t  o f  t h e  hab i tab le  complex. T h e  i n t e r i o r  l ayou t  o f  each l abo ra to r y  w i l l  d i f f e r  
f r o m  t h a t  o f  t h e  hab i ta ts .  
Research areas u n d e r  cons idera t ion  include, b u t  a r e  n o t  l imi ted to, these  
d iscussed i n  t h e  fo l low ing  subsect ions.  
2,2,4.1 BiologicaI/PharmaceuticaIs - T h i s  lab, u s i n g  t h e  e lect rophores is  a n d  t i s sue  
c u l t u r i n g  processes, inves t iga tes  t h e  areas o f  urok inase,  g r o w t h  hormones, vac-  
c ines, i n t e r f e ron ,  insu l in ,  HLA, An t i gens  a n d  E ry th ropo ien t i n .  
2.2,4,2 i no rgan i c  Systems - T h i s  lab, u s i n g  t h e  d i rec t iona l  so l id i f icat ion a n d  
c r y s t a l  g r o w t h  processes, inves t iga tes  t h e  areas o f  c o r e  magnets, sup.er conductors ,  
waveguides, t u r b i n e  blades, s i l icon r ibbons ,  c r y s t a l  detectors ,  semiconductors,  
laser  glasses, spec ia l ty  windows, spec ia l t y  c r ys ta l s  a n d  ca ta lys ts .  
2.2.4.3 B n d u s t r i a l  Processes - T h i s  l ab  inves t iga tes  t h e  processes f o r  p r o d u c i n g  
re f i ned  metals o f  h i g h  qua l i t y .  F i g u r e  2-15 dep ic ts  a t y p i c a l  l ayou t  o f  an i n d u s t r i a l  
process l abo ra to r y  w i t h  12 ovens.  T h e  raw  s tock  i s  loaded on  one e n d  o f  t h e  oven  
a n d  t h e  processed metal i s  c a p t u r e d  o n  t h e  o t h e r  e n d  as it comes o u t  o f  t h e  oven ,  
F i l l ed  col lect ion conta iners  a r e  t r a n s p o r t e d  t o  t h e  log is t ics  module f o r  r e t u r n  t o  
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Fig. 2- 15 Industrial Process Laboratory 
ea r th .  Each col lect ion con ta iner  is  s ized t o  pass t h r o u g h  t h e  1.0-m d ia  t unne l s  t h a t  
in te rconnec t  t h e  modules. 
T h e  ovens shown a r e  s ized a t  0.76-m d ia  x 1.27-m long.  A r ad ia to r  envelopes 
2 
each oven, p r o d u c i n g  1.11 m o f  cool ing su r f ace  area. Each oven  i s  s u p p o r t e d  a t  
t h e  t o p  a n d  'bottom by s ix  shock  mounts  t o  minimize i nduced  loads i n t o  t h e  oven.  
T h e  metal p rocess ing  i s  completely automatic, r e q u i r i n g  n o  w o r k  on  t h e  as t ro -  
nau t ' s  p a r t .  T h e  o n l y  t ask  h e  has is  t o  load t h e  raw  s tock  b i n s  a n d  remove t h e  
processed metal. 
A n  i nd i ca to r  panel  is  located i n  t h e  module t o  mon i to r  t h e  per fo rmance o f  each 
oven .  A n y  anomaly i n  oven  opera t ion  w i l l  b e  d isp layed  a t  t h e  hab i t a t  con t ro l  panel  
a n d  t h e  oven  w i l l  s h u t  down automat ica l ly .  
2.3 TENDED I N D U S T R I A L  PLATFORM 
Commercial mater ia ls  p rocess ing  f a c i l i t y  can b e  i nco rpo ra ted  i n  t h e  28.5 d e g  i n -  
c l ina t ion  Space Stat ion complex o r  it can b e  a f r e e  f l y e r .  T h e  mic ro  g requ i rements  
a n d  v e r y  h i g h  power  ,demands f o r  mater ia ls  p r o d u c t i o n  a r e  d i f f i c u l t  t o  sa t i s f y  as 
p a r t  o f  t h e  main Space Stat ion.  There fo re ,  t h e  mater ia ls  p rocess ing  f a c i l i t y  i s  a 
school o f  f r e e  f l y e r s  t h a t  c o - o r b i t  w i t h  t h e  main s ta t ion.  
Four  f r e e  f l y e r s  a r e  r e q u i r e d  f o r  t h e  p rogram,  and  F ig .  2-16 shows a t y p i c a l  
one. T h e  s tanda rd  p ressu r i zed  module used  f o r  habi ta t ions a n d  laborator ies o n  t h e  
Space Stat ion p rov ides  t h e  p ressu r i zed  shel l  a n d  t h e  app rop r i a te  subsystems.  
T h e r e  may b e  addi t ional  subsystems elements and  these  w i l l  b e  ins ta l led  i n  t h e  
module.  T h e  e n d  cones o f  t h e  p r e s s u r e  shel l  have  such  s tanda rd  fea tu res  as 
t unne l s  a n d  v i ew ing  bubb les  b l anked  o f f .  A s  w i t h  t h e  main stat ion, a pa l le t  mounts  
ex te rna l  subsystems l i k e  bat ter ies,  power  p rocess ing  a n d  CMGs. T h e  power  source  
so lar  a r r a y  has no  g imba l l i ng  requ i rements  s ince t h e  sate l l i te  w i l l  b e  f lown i ne r t i a l l y  
f i x e d  re la t i ve  t o  t h e  sun, t h u s  s imp l i f y i ng  t h e  a r r a y  a n d  min imiz ing undes i rab le  
accelerat ions. 
Potent ia l ly,  t h e r e  a r e  40 u n i t s  cal led f o r  i n  t h e  mater ia ls  p rocess ing  r e q u i r e -  
ments  sect ion t o  b e  aboard  i n  l a te r  yea rs .  T h e i r  a l locat ion t o  t h e  f o u r  f r e e  f l y e r s  
w i l l  b e  on t h e  basis o f  d u t y  cyc le .  There fo re ,  t h e  power  requ i rement  w i l l  v a r y  
f r o m  f r e e  f l y e r  t o  f r e e  f l y e r  a n d  t h e  so lar  a r r a y  size w i l l  v a r y  acco rd ing l y .  With a 
t o ta l  power  requ i rement  o f  a r o u n d  110 kW cont inuous,  t h e  average  is 28 kW p e r  f r e e  
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Fig. 2-16  ended Industrial Platform 
f l y e r  a n d  t h a t  is  t h e  size o f  t h e  a r r a y  shown. It uses t h e  same SEPS-type modu la r  
panels as t h e  main s ta t ion  a n d  can  v a r y  i n  7 kW increments.  
T h e  operat ional  sequence o f  a f r e e  f l y e r  is  t h a t  a f t e r  ins ta l la t ion o f  mater ia ls  
t o  b e  processed, it boosts i t se l f  t o  a h i g h e r  o r b i t  u s i n g  onboa rd  p ropu l s i on .  T h e  
new o r b i t  is  d i c t a ted  by t h e  d u t y  cyc le  t ime o f  t h e  fu rnaces ,  because t h e  f l y e r  is  
al lowed t o  o r b i t  decay i n  t h a t  t ime p e r i o d  so t h a t  a t  t h e  e n d  o f  t h e  d u t y  cycle,  i t s  
locat ion i s  su i tab le  f o r  rendezvous,  c a p t u r e  a n d  b e r t h i n g  t o  t h e  Space Stat ion 
b e r t h i n g  p o r t .  T h i s  is  shown i n  t h e  f i g u r e  whe re  b e r t h i n g  t o  t h e  hab i ta t ion  module 
al lows sh i r t s leeve  exchange o f  mater ia ls  a n d  s e r v i c i n g  o f  i n t e rna l  subsystems.  
Ex te rna l  subsystems a r e  se rv i ced  EVA.  
2.4 TENDED POLAR PLATFORM 
Requi rements cal l  f o r  a t o ta l  o f  t h r e e  as t rophys ics  missions, t h r e e  so lar  obser -  
va t ion  missions a n d  12 t e r r e s t r i a l  observa t ion  missions t o  b e  aboard  a LEO f a c i l i t y  
i n  h i g h  inc l ina t ion  o r b i t  by t h e  y e a r  2000. Some o f  t h e  e a r t h  observa t ion  missions 
d i c ta te  a noon s u n  synch ronous  o r b i t ,  t o  p r o v i d e  l i g h t / d a r k  con t ras ts .  
System analysis,  r e p o r t e d  o n  ear l ier ,  shows t h a t  a p remanent l y  manned f a c i l i t y  
is  unnecessary f o r  t h i s  obse rva to r y .  It i s  an  unmanned p la t form,  v i s i t e d  by t h e  
Shu t t l e  a t  approx imate ly  s ix -month  i n t e r v a l s  t o  se rv i ce  t h e  p la t form,  change o u t  
observa t ion  i ns t rumen ts  a n d  t o  re t r ieve ,  service, t h e n  dep loy  t w o  sate l l i tes .  
In i t i a l l y ,  t h e  p l a t f o rm  ca te rs  t o  e a r t h  v i ew ing  a n d  i s  c o n f i g u r e d  as shown i n  
F ig .  2-17. A s tanda rd  th ree-man hab i ta t ion  module, rep l i ca ted  f r o m  t h e  28.5 d e g  
inc l ina t ion  Space Stat ion, houses subsystems a n d  can p r o v i d e  ex tended  l i v i n g  
volume f o r  a v i s i t i n g  o r b i t e r  c rew .  When v i s i t i ng ,  t h e  o r b i t e r  b e r t h s  t o  t h e  module 
t o  enable s h i r t  s leeve s e r v i c i n g  o f  t h e  shbsystems. 
T w o  s tanda rd  s u r r o g a t e  b a y  s t r u c t u r e s ,  rep l i ca ted  f r o m  t h e  28.5 d e g  stat ion, 
mount  IPSs. These, i n  t u r n ,  mount  t h e  packages o f  e a r t h  observa t ion  ins t ruments .  
Ou tboa rd  o f  t h e  s u r r o g a t e  s t r uc tu res ,  so lar  a r r a y  panels a r e  mounted o n  s t r u c t u r e s  
des igned  t o  s u p p o r t  so lar  observa t ion  i ns t rumen ts  a t  a l a te r  date.  T h e  a r r a y  is  
s ized t o  g i v e  14.5 kW o f  con t inuous  power  a n d  i s  compr ised o f  panels rep l i ca ted  
f r o m  t h e  28.5 deg  s ta t ion  a r r a y .  Each o f  t h e  t w o  w ings  requ i res  a s ing le  ax i s  o r b i t  
r a t e  gimbal t o  t r a c k  t h e  sun .  T h e  gimbal mechanism u t i l i zes  t h e  28.5 deg  s ta t ion  
system. 
TYPICAL MOUNT 
INSTRUMENT PACKAGE 
SURROGATE BAY 
STRUCTURES 
PRESSURE MODULE 
- SUBSYSTEMS 
INSTRUMENTS - AUGMENT ORBITER 
(BOTH ARMS) CREW ACCOMM 
Fig. 2-17 Tended Polar Platform - 'Initial' Configuration 
T h e  evolved p lat form is shown i n  F ig.  2-18. To accommodate t h e  f u l l  comple- 
ment of ear th  observat ion missions, a sur rogate  bay  s t r u c t u r e  is  added or thogonal ly  
t o  t h e  two ex i s t i ng  s t ruc tu res .  Another  sur rogate  is  added t o  mount satel l i te ser-  
v ice equipment t h a t  includes a TMS t o  re t r i eve  t h e  satellite, an HPA on which t o  
mount it, an MMU f o r  EVA crewman maneuvering and an OCP t o  accommodate an 
EVA worke r  a t  t h e  tip o f  t h e  o r b i t e r  RMS. On t h e  28.5 deg Space Station, an RMS 
was p a r t  o f  t h e  stat ion s tandard  satel l i te serv ice  equipment. Since t h i s  p la t fo rm 
on ly  per forms t h e  manned serv ic ing  func t i on  when tended by an o rb i t e r ,  t hen  t h e  
o r b i t e r  RMS can b e  used. 
For  a serv ice mission, t h e  o r b i t e r  be r ths  t o  t h e  platform, checks o u t  t h e  TMS, 
then  sends it t o  re t r i eve  t h e  satell i te. On i ts  re tu rn ,  it is captured by t h e  o r b i t e r  
RMS, which be r ths  t h e  TMS/Satell i te combination t o  t h e  HPA arm end ef fector .  T h e  
o r b i t e r  RMS then  p i cks  u p  t h e  OCP a t  i t s  tip, an EVA crewman boards t h e  OCP, 
then t h e  satel l i te is  serv iced b y  t h e  EVA crewman f rom spares b r o u g h t  u p  i n  t h e  
o r b i t  cargo bay .  If necessary, t h e  TMS can b e  refueled a t  t h i s  t ime by exchanging 
f u l l  tanks  f o r  empty. T h e  MMU is also available f o r  a second EVA crewman t o  
assist  i n  t h e  operat ions. 
A f t e r  serv ice and check out, t h e  TMS r e t u r n s  t h e  satel l i te t o  i t s  o r b i t .  It 
then separates and r e t u r n s  i tse l f  t o  t h e  p la t fo rm f o r  saf ing, serv ice and storage. 
The IPS-mounted, solar v iewing mission equipments a r e  located on t h e  solar 
a r r a y  wings suppor t  s t ruc tu res .  T h e i r  gross po in t i ng  is  p rov ided  by t h e  solar 
a r r a y  gimbal. 
A mast is  added along t h e  local ver t i ca l  t o  mount a celestial observat ion i n s t r u -  
ment which requ i res  a v iewing f i e ld  of 2a steradians, an t i -ear th .  T h e  mast extends 
f rom t h e  ex terna l  subsystem pal let .  
Two o the r  celestial observat ion packages a r e  mounted, as shown, t o  t h e  back, 
an t i -ear th  face o f  t h e  sur rogate  s t ruc tu res .  T h e i r  v iewing requi rement  is  local 
zenith and, therefore,  t h e y  a re  located outboard  o f  t h e  volume swept ou t  by t h e  
movements o f  t h e  mast-mounted celestial ins t rument .  These two  packages a r e  each 
mounted on an IPS t o  p rov ide  f i n e  po in t ing .  
T h e  solar a r r a y  wings a re  extended by add ing  panels t o  p rov ide  a tota l  con- 
t inuous power of 29 kW. 2- 34 
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Fig. 2-18 Tended Polar Platform - 'Evolved' Configuration 
F u r t h e r  g r o w t h  o f  EVA  fac i l i t i es  can b e  achieved by e x t e n d i n g  t h e  t w o  
s u r r o g a t e  s t r u c t u r e s  l y i n g  a long  t h e  ve loc i t y  y e c t o r .  
B e r t h i n g  po in t s  f o r  t h e  o r b i t e r  w i l l  b e  p r o v i d e d  on  t h e  mast  a n d  s u r r o g a t e  
s t r u c t u r e s .  T h e  o r b i t e r  can b e r t h  i t s  HPA e n d  e f f ec to r  t o  a s u i t a b l y  located p o i n t  
t o  enable i t s  RMS t o  reach an  i n s t r u m e n t  t o  change it o u t .  
2.5 MASS SUMMARY 
T h i s  subsect ion summarizes t h e  masses t h a t  a r e  t h e  bas is  f o r  cos t i ng  i n  t h i s  
s t u d y .  It also p rov ides  t h e  mass p rope r t i es  used  i n  t h e  a t t i t u d e  con t ro l  
i nves t i ga t i on  o f  t h e  va r i ous  con f igura t ions .  
T h e  massess a r e  p resen ted  i n  s ta t ion  b u i l d i n g  b l ock  f o r m  (F ig .  2-19 t h r o u g h  
2-24) a n d  a r e  summarized i n  F ig .  2-25 t o  show t h e  t o ta l  s ta t ion  dry masses. Ex -  
pendables, g i ven  i n  F ig .  2-26, have  been added, t o g e t h e r  w i t h  r ep resen ta t i ve  mis- 
sion payloads, t o  p r o v i d e  to ta l  s ta t ion  mass charac te r i s t i cs  (F ig .  2-27 t h r o u g h  
2-31 j . 
Masses have been ob ta ined  f r o m  as many  ve r i f i ab le  sources as possible.  Sub-  
system mass subs tan t ia t ions  may b e  f o u n d  i n  t h e  a p p r o p r i a t e  sect ion o f  t h i s  r e p o r t .  
S t r u c t u r e  masses a r e  based o n  u n i t  area masses and, w h e r e  possible,  have  been 
v e r i f i e d  by comparison t o  masses i n  p r e v i o u s  s tud ies .  
T h e  mass p rope r t i es  summary o f  t h e  I n i t i a l  S ta t ion  (Fig.  2-27) g ives  a t o ta l  
mass o f  47,000 kg. I t  inc ludes an  A X A F  i n  ope ra t i ng  pos i t ion  w i t h  a TMS attached, 
t h e  S l R T F  celest ia l  i ns t rumen t  as a rep resen ta t i ve  mass a n d  three-man 90-day logis- 
t i c  supp l ies .  T h e  data a r e  g i v e n  f o r  t h e  s ta t ion w i t h  a n d  w i t h o u t  t h e  s h u t t l e  o r -  
b i t e r  a t tached.  T h i s  is  also t h e  case f o r  t h e  Evo lved  S ta t ion  whe re  a t ended  i ndus -  
t r i a l  p l a t f o rm  is b e r t h e d  a n d  an  0TV is  i n  t h e  s u r r o g a t e  f o r  a t o ta l  mass o f  139,000 
k g .  Represen ta t i ve  f u rnaces  have  been added t o  b o t h  laborator ies a n d  t h e  S l R T F  
a n d  t h e  S ta r lab  celest ia l  i ns t rumen ts  a r e  ope ra t i ng  i n  pos i t ion .  Simi lar ly,  t h e  
t ended  Plat-forms a r e  shown w i t h  a p p r o p r i a t e  pay loads g i v e n  i n  Mission Requirements 
Volume l l ,  Book I, Pa r t  I. 
2.6 USER-FRIENDLY A T T R I B U T E S  
T h e  a t t r i b u t e s  t h a t  make a system " u s e r - f r i e n d l y "  a r e  easy in ter faces,  s impl i -  
c i t y ,  t ime l y  ava i lab i l i t y  a n d  cost  e f f e c t i v i t y .  These  fea tu res ,  above and  beyond  
those  o f  necessi ty,  whe t  t h e  appe t i t e  o f  a u s e r  a n d  encourage  a f r i e n d l y  atmos- 
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Fig. 2-31 Mass Properties Summary Tended Industrial Platform 
phe re .  I n  te rms o f  a po ten t ia l  Space Stat ion user,  these  a t t r i b u t e s  a r e  re f lec ted  i n  
s tandard ized  in te r faces  w i t h  many op t ions  t h a t  a r e  simple a n d  have  
b r o a d  l imi ta t ions.  Ample phys i ca l  a n d  u t i l i t y  resources p r e c l u d e  concerns of 
ava i lab i l i t y .  Sha r i ng  w i t h  o t h e r  users  t h e  resources r e q u i r e d  t o  sus ta in  a manned 
Space Stat ion p r o v i d e s  cos t  e f f e c t i v i t y .  Des ign e f f o r t s ,  subsequent  t o  t h i s  s tudy ,  
w i l l  b e  r e q u i r e d  t o  de ta i l  u s e r - f r i e n d l y  in ter faces.  
I l l u s t r a ted  i n  F ig .  2-32 a r e  those  u s e r - f r i e n d l y  a t t r i b u t e s  o f  a genera l  na tu re .  
T h i s  f i g u r e  a n d  t h e  subsequent  f i g u r e s  i d e n t i f y  t h e  a t t r i b u t e s  i n  te rms o f  i n t e r -  
faces, resources a n d  fac i l i t ies  f o r  va r i ous  missions. I n  add i t ion  t o  s tandard ized  
ut i l i t ies ,  a genera l  f e a t u r e  o f  t h e  a rch i tec tu re ,  descr ibed  i n  t h e  p reced ing  s u b -  
sections, i s  t h a t  o f  a common moun t i ng  a n d  u t i l i t i e s  i n te r f ace  between t h e  o r b i t e r  
ca rgo  b a y  a n d  t h e  Space Stat ion sur roga te .  Genera l  resources avai lab le  i n  t h e  
Space Stat ion i nc l ude  ex tens ive  equipments.  Faci l i t ies t o  s u p p o r t  t h e  func t iona l  
capabi l i t ies  r o u n d  o u t  those  u s e r - f r i e n d l y  a t t r i b u t e s  t h a t  a r e  o f  a genera l  na tu re .  
For  commercial missions (see F ig .  2-33), t h e  addi t ional  a t t r i b u t e s  of t h e  Space 
Stat ion, i n  te rms o f  in te r faces  a n d  resources, a r e  power  a n d  thermal  wh i ch  a r e  
p r i m a r i l y  f o r  mater ia ls  p rocess ing .  Fac i l i t ies  s u p p o r t i n g  t h e  commercial missions, 
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Fig. 2-32 User Friendly Attributes - General 
such as laborator ies f o r  RGD, surrogates for  t ranspo r ta t i on  and l a rge  s t ruc tu re  
developments, f ree  f l yers /p la t fo rms f o r  mater ia l  processing and observatories, a r e  
also shown in tha t  figure. 
The most s igni f icant  additional interface and resource required to  make the  
Space Stat ion user - f r iend ly  for the scienti f ic and application missions i s  the  capabi l -  
i ty of  handling and compact ing d a t a  f o r  t ransmiss ion to  t h e  users on the ground. 
Also shown in Fig. 2-34 a r e  the mul t ip le fac i l i t ies avai lab le  to support the  d iverse  
requ i rements .  
For  techno logy  development  missions, a t t r i b u t e s  of a Space S ta t ion  (shown in 
Fig. 2-35) include t h e  ava i lab i l i t y  of  a l l  on-board systems f o r  techno logy  enhance- 
ment, t h e  ava i l ab i l i t y  of surrogates fo r  EVA capabi l i ty development, laboratories fo r  
experimentat ion and f r e e  f l y e r s  f o r  the  space tes t ing  of such devices as low-level 
t h r u s t e r s  and tether dynamics. 
Of special note in Fig. 2-36 a r e  the faci l i t ies t h a t  can b e  provided by the in- 
ternat ional  community, ei ther on a leased or  b a r t e r  bas is  or as adjuncts t o  a Space 
Station program fo r  internat ional missions. 
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T h e  u s e r - f r i e n d l y  a t t r i b u t e s  associated w i t h  nat ional  s e c u r i t y  missions a r e  
shown i n  F ig .  2-37. Prov is ions f o r  secure  a n d  e n c r y p t e d / d e c r y p t e d  data a n d  f o r  
i so la t ing /secur ing  a command pos t  a n d  w o r k  area have  been p rov ided .  Wi th in  t h e  
c o r e  module o f  t h e  Space Stat ion, t w o  command pos ts  (one o n  each end) a r e  avai l -  
ab le .  E i t h e r  can b e  secured  w i t h  ha t ch  c losures.  Laborator ies can b e  s im i la r l y  
isolated. A sh ie ld  can b e  e rec ted  t o  p r e v e n t  I V A  personne l  f r o m  seeing res t r i cved  
ex te rna l  operat ions.  
A s  t h e  des ign  e f f o r t  progresses,  these  a t t r i b u t e s  shou ld  b e  added t o  and  
de f i ned  i n  more de ta i l .  
2.7 ALTERNATE CONCEPTS 
A v a r i e t y  o f  con f i gu ra t i on  a l te rna tes  we re  s tud ied  t o  a r r i v e  a t  a baseline. 
Evaluat ion c r i t e r i a  i nc l uded  costs, commonality o f  elements a n d  mission per fo rmance 
capab i l i t y .  
2.7.1 Con f i gu ra t i ons  
T h e  a l te rna te  concepts i nves t i ga ted  have  concent ra ted  on  t h e  28.5 deg  in- 
c l ina t ion  Space Stat ion; add ress ing  such  issues as w h e t h e r  o r  n o t  fac i l i t ies  l i k e  t h e  
t r a n s p o r t  h a r b o r  and /o r  i n d u s t r i a l  p a r k  and /o r  observa to r ies  shou ld  b e  incorpora ted  
o n  t h e  Space Stat ion o r  co -o rb i t  as f r e e  f l y e r s .  A t  a lower  level, we  looked a t  t h e  
op t ions  f o r  a r r a n g i n g  t h e  elements o f  t h e  Space Stat ion.  
T h e  incorpora t ion  o f  a l l  require.d fac i l i t i es  o n  t h e  one s ta t ion complex has a n  
advan tage  i n  sha red  subsystems a n d  c rew  sk i l l s .  However, t h e r e  a r e  basic r e -  
qu i rements  f o r  some fac i l i t i es  ( such  as m ic ro -g  f o r  space manu fac tu r i ng  a n d  h i g h  
power  levels) t h a t  a r e  p a r t i c u l a r l y  r e s t r i c t i v e  o n  t h e  con f i gu ra t i on  o f  such  a 
s ta t ion .  T h e  con f i gu ra t i on  shown i n  F ig .  2-38 is  a t y p i c a l  concept  f o r  a versa t i l e  
mul t imiss ion s ta t ion.  It u t i l i zes  an  STS ex te rna l  t a n k  as a s t r u c t u r a l  sp ine  a n d  
p u t s  t h e  long i tud ina i  ax i s  a long t h e  local ve r t i ca l ,  t h u s  u s i n g  g ra , v i t y  g r a d i e n t  
e f fec t .  
A d isadvan tage  o f  t h i s  con f i gu ra t i on  i s  t h e  high drag ,  r e s u l t i n g  f r o m  t h e  
side-on t a n k  b o d y  a n d  f r o m  t h e  l a r g e  so lar  a r r a y s  necessary f o r  a cont inuous power  
o u t p u t  o f  approx imate ly  170 kW. Fur thermore ,  t h i s  concept  ca r r i es  high cos t  f o r  
mod i f y i ng  t h e  t a n k  t o  a d d  ex te rna l  ra i l s  f o r  moun t i ng  fac i l i t ies  a n d  t o  p r o v i d e  an 
a f t  ca rgo  compartment.  T h e  h i g h  cost  t o  mod i f y  t h e  ex te rna l  t a n k  a n d  ex tens ive  
subsys tem requi rements did n o t  j u s t i f y  t h e  use o f  t h i s  con f i gu ra t i on .  
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A s  an a l te rna t i ve ,  requi rements can b e  met by an  assembly o f  p r e s s u r e  
moduies t o  p r o v i d e  i n te rna l  w o r k i n g  volume, s t r u c t u r e s  f o r  EVA  ex te rna l  w o r k  
areas, observa to r ies  a n d  a power  source.  
When c o n f i g u r i n g  a Space Stat ion wh i ch  inc ludes  severa l  p ressu r i zed  modules, 
t h e r e  a r e  t w o  bas ic  ways o f  a r r a n g i n g  t h e  modules. One way  is  t o  c l us te r  them; 
t h e  o t h e r  is  t o  p u t  them i n  l i ne .  F i g u r e  2-39 shows an i n l i ne  ar rangement .  T h e  e x -  
t e r n a l  EVA areas rad ia te  f r o m  a con t ro l  module a n d  t h e  added g r o w t h  labs, habi ta-  
t ions,  e t c  a r e  s t r u n g  o u t  i n  l ine.  T h i s  a r rangement  makes use o f  t h e  g r a v i t y  g r a -  
d i e n t  e f f ec t  if t h e  modules a r e  s t r u n g  o u t  a long t h e  local ve r t i ca l ,  b u t  it p rov ides  
no  r e d u n d a n t  escape pa ths  f r o m  module t o  module, unless para l le l ing  t unne l s  a r e  
p rov ided .  T h i s  concept  r equ i res  a re l a t i ve l y  l ong  j o u r n e y  t o  g o  f r o m  end  t o  end, 
a n d  t h e r e  i s  t h e  inconvenience o f  in te r -modu le  t r a f f i c  pass ing  t h r o u g h  t h e  main 
a c t i v i t y  area o f  each module: Fur thermore ,  g r o w t h  is  r e s t r i c t i v e  w i t h  t h e  i n l i ne  
concept  if a power  source  i s  located a t  one e n d  o f  t h e  s t r i ng ,  as shown i n  
F ig .  2-39. Now t h e r e  is  o n l y  one place t o  add  an i n l i ne  module. Unless t h e  mis- 
s ion g r o w t h  requ i rements  a n d  t h e  des i r ed  g r o w t h  p a t t e r n  coincide, it is u n l i k e l y  
t h a t  " l i ke  f unc t i on "  modules w i l l  b e  together ,  a des i rab le  f ea tu re .  If t h e  power  
source  were  located elsewhere, a module cou ld  b e  added t o  each end, b u t  t h i s  is 
s t i l l  a r e s t r i c t i v e  p a t t e r n .  S t i f fness  o f  t h e  assembly is  ano ther  issue, p a r t i c u l a r l y  
if t h e  " in l ine"  s t r i n g  ge t s  too long.  T h i s  i s  a des ign  res t r i c t i on  wh i ch  can o n l y  b e  
sa t i s f ied  by add i t iona l  s t r u c t u r e  a n d  i t s  r esu l t an t  mass pena l t y .  Fo r  a l l  these  
reasons, t h e  " in l ine"  a r rangement  concepts  were  n o t  pu rsued .  
Stat ion Conf igura t ions  t h a t  i nc l ude  t h e  mater ia ls  p rocess ing  p roduc t i on  f a c i l i t y  
e n d  u p  w i t h  a to ta l  demand o f  abou t  170 kW f o r  t h e  evo lved  s ta t ion.  16 l a rge  so lar  
a r rays ,  such  as those  shown i n  F ig .  2-39 a r e  t o  b e  avoided, a l te rna te  power  
sources mus t  b e  developed.  A nuc lear  power  source  is  shown i n  F ig .  2-40 as an 
ex tens ion  o f  t h e  concept  shown i n  F ig .  2-39. He re  t h e  so lar  a r r a y ,  used u n t i l  t h e  
nuc lear  source  is  in t roduced,  becomes t h e  emergency power  source  a n d  an extens ion 
i s  added t o  t h e  e x i s t i n g  t owe r  t o  mount  t h e  nuc lear  power  source.  
With t h e  el iminat ion o f  i n  l i ne  concepts,  c l u s t e r  concepts were  inves t iga ted .  
T o  e n s u r e  p rov i s i on  o f  t h e  mic ro -g  needs o f  space manufac tu r ing ,  t h a t  f a c i l i t y  is  
p r o v i d e d  by a ser ies o f  f r e e  f l y e r s .  Thus ,  t h e  need f o r  a s i ng le  l a rge  power  
source, such  as nuclear,  d isappears and  can b e  met by i nd i v i dua l  solar a r r a y s .  
T h e  basel ine s ta t ion  con f igura t ions  evo lved  t o  b e  a c l u s t e r  o f  modules t h a t  p r o v i d e  
Fig. 2-39 In-Line Module Growth Option 
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Fig. 2-40 'In Line' Growth Concept, Nuclear Power Source 
habitation, internal work areas and laboratories t o  which are attached EVA work 
areas. Power generation is provided by solar arrays. 
A clustered module Space Station is typ i f ied b y  the arrangement shown in Fig. 
2-41. This is a three-man Space Station wi th a s t ruc tu re  f o r  EVA activit ies sup- 
por t ing the power source. Growth, as shown i n  Fig. 2-42, is provided b y  adding a 
"handed' version of  the original three-man assembly t o  make a nine-man station. 
However, th is  arrangement does not ent i re ly sat isfy celestial viewing requi rements. 
I n  addition, the placing of EVA external st ructures at  each end of the pressure 
module complex restr ic ts the adding of  modules i n  functional ly similar groupings. 
The  baseline configuration f o r  a 28.5 deg inclination Space Station evolved t o  
be t he  clustered concept which was described i n  the preceding subsections. 
2.7.2 Commonality 
The issue of commonality plays an important role i n  the selection of a pre-  
fe r red  Space Station system from a series of alternates. I n  part icular  the impact on 
costs f o r  using common elements as replicated items is a high level discriminator. 
Comnionality is an issue tha t  affects the  ent i re Space Station system. I n  our  base- 
line, the  system comprises a manned station plus materials processing f ree f lyers  in  
28.5 deg inclination and an observation platform in  polar o rb i t .  Our  design phiios- 
ophy is t o  optimize the basic 28.5 deg station design and t o  use i ts  components as 
bu i ld ing blocks f o r  the  f ree f lyers  and high inclination platform. Additionaily, we 
look f o r  commonality i n  the components tha t  make u p  the basic station. Figure 2-43 
shows the four  basic bui ld ing blocks and the i r  replication i n  the  Space Station 
system facil it ies. 
A pressurized core module provides the pressure shell used on the manned 
station f o r  habitation and laboratory modules. Subsystems wi th in those modules 
have common features, part icular ly  in  the  l i fe support  area, and are replicated t o  a 
great  extent. 
The tended industr ia l  platform f ree  f lyers  use the  same pressure shell and 
many of the same subsystem elements including control, communications, data 
handl ing and l i fe support.  The module is, therefore, a version of the basic station 
core module. To house furnaces, it is st r ipped internal ly  of everything except 
necessary subsystems elements, the majority of  which are replications of  the 
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Fig. 2-43 Space Station System - Basic Building Blocks 
Simi lar ly,  t h e  unmanned high inc l ina t ion  p l a t f o rm  requ i res  a module t o  house 
subsystems.  It i s  a rep l i ca t ion  o f  t h e  core  module t h a t  i s  used f o r  3-man hab i ta t ion  
on t h e  28.5' stat ion.  
Thle power  source, s u p p o r t  mast a n d  ex te rna l  subsystems pa l l e t  combinat ion 
a r e  used o n  a l l  t h e  system fac i l i t ies .  T h e  s ize o f  t h e  a r r a y  d i f f e r s  as ind ica ted  i n  
t h e  f i gu re ,  b u t  each a r r a y  i s  assembled f r o m  iden t i ca l  panels .  T h e  mast l e n g t h  
d i f fe rs  'wi th each fac i l i t y ,  b u t  each i s  a mu l t i p l e  o f  s t a n d a r d  sect ions. T h e  sub -  
systems o n  t h e i r  common pa l le t  mount  a r e  mul t ip les o f  t h e  same b a t t e r y ,  t h e  same 
cmg, e tc .  
A s u r r o g a t e  b a y  i s  t h e  s t r u c t u r e  wh i ch  mounts  EVA equipments.  I n  i tse l f ,  it 
is  a rep l i ca ted  s t r u c t u r e  f o r  each appl icat ion.  It i s  used  on  t h e  manned s ta t ion a n d  
on t h e  h i g h  inc l ina t ion  p la t fo rm.  T h e  equipments mounted i n  t h e  s t r u c t u r e  a r e  
common t o  a g r e a t  ex ten t .  F i g u r e  2-44 shows these  common equipments.  
A t owe r  t o  s u p p o r t  observa t ion  i ns t rumen ts  i s  used  o n  t h e  manned s ta t ion  a n d  
t h e  so lar  p l a t f o rm .  Fo r  most o f  i t s  length,  it uses t h e  same s t a n d a r d  sect ions as 
t h e  so lar  a r r a y  s u p p o r t  mast.  
T h e  f unc t i ons  pe r fo rmed  in t h e  EVA ac t i v i t i es  s u r r o g a t e  s t r u c t u r e  a r e  RED, 
sate l l i te  se rv i ce  a n d  assembly, a n d  O T V  t u r n a r o u n d  on  t h e  28.5 d e g  s ta t ion  and  ob-  
serva t ions  o n  t h e  Tended  Polar Plat form. T y p i c a l  subsystems a n d  equipments wh i ch  
have  common usage f o r  these  f unc t i ons  a r e  desc r i bed  i n  F ig .  2-44. 
2.7.3 T e t h e r s  
F i g u r e  2-45 l i s ts  t h e  cand ida te  f unc t i ons  f o r  t h e  use  o f  a t e t h e r  o n  a Space 
Stat ion, iden t i f i es  i t s  po ten t ia l  appl icat ions a n d  comments o n  t h e  p r o s  a n d  cons o f  
u s i n g  a t e t h e r .  A l t h o u g h  t h e r e  has been s u f f i c i e n t  s tud ies  t o  da te  t o  ind ica te  t h e  
f eas ib i l i t y  o f  t h e i r  use, more development  i s  necessary t o  estab l ish t h e i r  r o l e  be fo re  
base l in ing  them f o r  operat ions.  
UPPER STAGE 
Fig. 2-44 Surrogate Bay Subsystem Equipment - Common Use 
for Operational Functions 
Fig. 2-45 Tether Considerations 
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3 - SUBSYSTEMS 
T h e  fo l lowing f i v e  subsystems s tud ied  were selected because t h e y  can have 
s ign i f i can t  impact on t h e  arch i tec ture  and program costs. T h e y  are: 
0 Electr ical  Power 
0 Communications and T r a c k i n g  
0 Data Management 
0 Environmental Contro l /L i fe  Suppor t  
0 Guidance, Navigat ion and Contro l .  
T rade  studies were per formed w i th in  t h e  funct ional  areas o f  these subs\/sterns 
t o  de f ine  t h e  optimum subsystem design character is t ics (based on cost, avai lab i l i ty  
and  performance c r i t e r i a ) .  These t r a d e  s t u d y  resul ts  were subsequent ly  used i n  
genera t ing  t h e  recommended Space Stat ion element a rch i tec ture .  
T h e  t rades were per formed i n  accordance w i t h  t h e  guidel ines def ined i n  Sub- 
section 1 .?. T h e  fo l lowing subsections descr ibe t h e  major t rades performed, recorn- 
mended follow-on studies, and baseline subsystem design character is t ics f o r  t h e  
ISS, ESS, T I P  and TPP elements. I n  addit ion, t h e  subsystem's evolut ion and 
corresponding technology development is  also presented. 
3.1 ELECTRICAL POWER 
T h e  Electr ical  Power- Subsystem (EPS) funct ional  areas and t h e i r  respect ive 
candidate components a r e  summarized i n  Fig. 3-1. Technical and programmatic data 
descr ib ing  these components were  reviewed, and pro jected component design pararn- 
eters were prepared.  T h i s  component rev iew led t o  t h e  ident i f icat ion o f  f i v e  candi- 
date subsystem concepts f o r  t h e  in i t ia l  and evolved elements o f  t h e  Space Stat ion. 
These f i v e  subsystem concepts were compared on a power f i g u r e  (wat ts  p e r  kg )  and 
re lat ive cost  basis. 
Four  candidate subsystems use solar a r rays  t o  p rov ide  t h e  power f o r  loads and 
recharg ing  t h e  energy  storage equipment d u r i n g  t h e  sun l i gh t  por t ion  of t h e  o r b i t .  
Nickel hydrogen bat ter ies o r  regenerat ive fue l  cel l /electrolysis cell energy  storage 
devices represent  t h e  projected 1986 state-of- the-ar t  (SOTA) and p rov ide  t h e  re-  
qu i red  electr ical  power d u r i n g  t h e  shadow por t ion  o f  t h e  o r b i t .  Similarly, si l icon 
and gatluim arsenide solar cells represent  t h e  projected SOTA t h a t  would be  u t i l i zed 
d u r i n g  t h e  operational l i f e  o f  t h e  Space Stat ion program. Two candidate concepts 
use modified Solar Electr ic  Propulsion (SEP) sil icon a r rays  p lus  e i ther  a ba t te ry  o r  
- 
a regenerat ive fue l  cell (RFC) energy  storage section. Advanced gal l ium arsenide 
solar a r rays  p lus  a b a t t e r y  o r  RFC energy  storage section complete t h e  solar a r r a y  
candidate concepts. T h e  f i f t h  candidate concept would be  a man-rated modified 
SP-100 nuclear space power system. 
3,1. 1 EPS Trade  Studies 
3.1.1.1 Power Generation - T h e  t h r e e  gener ic  power generat ion candidates repre-  
sent t h e  classical competing technologies t h a t  have been considered f o r  space appl i -  
cations over  t h e  past  25 years. 
I n  low radiat ion environments (i.e., 28.5 deg, 370 km), t h e  weight  and e f f i -  
c iency of t h e  solar a r rays  are  t h e  d r i v i n g  factors i n  a r r a y  weight .  T h i n  sil icon 
cells resu l t  i n  t h e  l igh tes t  weight  b lankets.  Gallium arsenide (GaAs) must be  p r o -  
duced 2 mils t h i c k  and 18% ef f i c ien t  t o  compete on a weight  basis w i th  si l icon cells 
i n  these orb i ts .  A number o f  si l icon and GaAS solar cells were evaluated f o r  near- 
t e rm (1986 technology available) and fa r - te rm (ear ly  1990s technology available) 
applications. Representat ive solar cell and a r ray  parameters are  i l lus t ra ted i n  Fig. 
3-2 w i th  a projected 3000 improvement i n  specif ic we ight  f o r  t h e  ear ly  90s ( far- term) 
solar cell. A modified SEP a r r a y  design has been used i n  developing t h e  near- term 
parameters . 
With t h e  h igh  power (22 t o  172 kW) and h igh  voltage (140 t o  270 vdc)  requ i re-  
ments being considered, t h e  method used t o  t r a n s f e r  t h e  power across a r o t a r y  
jo int  becomes an important  fac tor .  I n  addit ion, t h e  ab i l i t y  t o  contro l  such a system 
w i th  an or ientat ion d r i v e  becomes more chal lenging. 
Concentrator solar a r r a y  conf igurat ions requ i re  solar po in t ing  ,accuracies on 
t h e  o rde r  of 5 1 deg o r  less, compared t o  accuracies on t h e  o r d e r  o f  5 5 deg f o r  
p lanar ar rays .  Concentrator a r rays  a re  not  considered a v iable concept f o r  t h e  ISS 
- application which requires 1986 SOTA. Concentrator a r rays  requ i re  development o f  
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Fig. 3-1 Electrical Power Subsystem Trade Areas 
CELL 
TYPE 
JUNCTION TYPE 
SIZE CM x CM 
THICKNESS - MILS 
EFFICIENCY - PERCENT 
MAXIMUM POWER ~ W / C M ~  
RADIATION DEGRADATION @ 1 x 1015 
1 MeV ~ / c M ~  -- PERCENT 
WEIGHT ~ I cM~ 
TECHNOLOGYREADY 
1986 EARLY 90's 
SILICON 
SHALLOW 
2 x 2  
2 
13.5 
18.27 
GaAs 
SHALLOW 
2 x 2  
2 
18 
24.35 
ARRAY (BLANKET & STRUCTURE) 
WATTSIM~ B.O.L. 117 20 1 
WATTSIMP WITH RADIATION DEGRADATION 91 161 
WATTSIKG B.O.L. 23 1 295 
WATTSIKG WITH RADIATION DEGRADATION 180 235 
ARRAY & AUXILIARIES - WATTSIKG 
PERFORMANCE FIGURE - KGIKW 
Fig. 3-2 Electrical Power Solar Cell & Array Parameters 
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small area GaAs cells operating in  a h igh temperature environment, stable long-l ived 
optics and accurate point ing capabil ity. Th is  technology could be used on the  ESS. 
Primary fuel cells would requ i re  approximately 18,000 k g  of reactants over 90 
days t o  support  the ini t ial  Space Station energy requirements. External tank  
scavenging may provide 4500 t o  7000 k g  of reactants pe r  Space Shutt le f l ight ,  b u t  
the reactant requirements f o r  the in i t ia l  and evolved stations are beyond the pract i -  
cal application range of the fuel cell. 
The SP-100 nuclear space power system is nominally a 100 kw power source f o r  
unmanned spacecraft applications tha t  requ i re  high specific power and long l i fe. 
The cur ren t  SP-100 conceptual design, under evaluation b y  Jet  Propulsion Labora- 
t o r y  and Los Alamos National Laboratories, is being studied b y  the Grumman Re- 
search Department f o r  application t o  the Space Station. The radiation shield 
characteristics proposed f o r  the unmanned spacecraft mission have been revised and 
result  i n  a signif icant increase in shield mass f o r  the ISS. A mass summary is 
shown in  Fig.  3-3 and includes 15,000 k g  f o r  a 271 shield design having a layer of  
h igh atomic number material ( tungsten o r  t ungs ted l i t h i um hydr ide)  between the  in-  
ner and outer layers of l i thium hydr ide.  This shield design reduces the reactor 
dose t o  approximately 5 REM per  quarter  year at  60 m from the  reactor source. 
a NUCLEAR SUBSYSTEM 
- REACTOR, HEAT PIPES, REACTOR CONTROL 
o RADIATION SHIELD 
(t CONVERSION/RADIATOR SUBSYSTEM 
o POWER CONTROL SUBSYSTEM 
o USER INTERFACE EQUIPMENT 
SUBTOTAL 
o ADDITIONAL INTEGRATION STRUCTURE 
Fig. 3-3 Nuclear Reactor Mass Summary 
3.1.1.2 Energy Storage - Nickel-cadmium (Ni-Cd) batteries have been pr incipal ly  
used t o  provide energy storage over the past ,20 years. Due t o  the i r  inherent cy-  
cle l i fe limitation and temperature sensit ivi ty, these batteries are derated f o r  the 
specific application b y  use a t  a limited "depth of discharge" (DOD) o r  fract ion of 
rated capacity tha t  has been typical ly  15 t o  25% f o r  low earth o rb i t .  These f igures 
have been der ived from cycle l i fe test programs and f l i gh t  experience. 
Over t he  past 12 years, development of  a cell technology t o  replace Ni-Cd has 
proceeded. The nickel-hydrogen (NiH2) cell is der ived from the  Ni-Cd cell design 
b y  subst i tut ing a hydrogen (catalytic) electrode f o r  the  cadmium electrode. This 
cell exhibits an improved rate capability, and the  effect of h igher temperatures on 
l i fe  should be reduced due t o  the improved stabi l i ty  o f  the  negative electrode and 
separator material. Li fe should therefore be improved, especially at  the  higher 
DODs and higher temperatures where Ni-Cd cells were more l i fe  limited. Although 
the  rapid evolution of cell designs has limited the development of  long-term l i fe 
data, h igh stress tests of  recent cell designs suggests tha t  in  low earth orbil: appli- 
cations NiH2 cells may have twice the  cycle l i fe  of  NiCd cells. A t  present, N i 3  
cells developed f o r  low earth o rb i t  applications are comparable i n  weight t o  NiCd 
cells b u t  enable approximately a 50% weight reduction via improved DOD. 
For the l ni t ia l  Space Station requ i r ing near-term engineering development, 
nickel- hydrogen appears t o  be the  most at t ract ive energy storage tech nology based 
on i ts  h igh specific energy, specific power and efficiency. The NiH2 design param- 
eters used i n  developing t rade and architectural data are shown in  Fig. 3-4. 
The regenerative fuel cell-electrolysis cell energy storage system represents a 
viable concept f o r  near-term applications. Although it has been considered as a 
closed-loop dedicated stoiwage concept i n  th is  study, the  potential advantages of in-  
- SPECIFIC ENERGY DENSITY . . . . . . . . . . . . . . . . .40.OW-HR/kg 
- VOLUMETRIC ENERGY DENSITY . . . . . . . . . . . . . O . O ~ ~ W - H R / C M ~  
- 5720 CYCLES PER YEAR IN 28.5' LEO 
- 60% DOD FOR 5 YEAR LIFE (- 28600 CYCLES) 
PROJECTED LEO PERFORMANCE (WITH 10% CELL REDUNDANCY) 
- O.OI~W-HRICM~ 
Fig. 3-4 NiHZ Battery Energy Storage Design Parameters 
tegrat ing th is  concept wi th l i fe  support, at t i tude control and other propulsion sys- 
tern requirements need t o  be evaluated. Reviews were held wi th the alkaline (Uni-  
ted Technologies, Inc . )  and solid polymer electrolyte (General Electric) cell devel- 
opers t o  obtain realistic performance and design characteristics. Figure 3-5 pre-  
sents the design parameters used and are based on projected near-term solid poly- 
mer electroiyte technology f o r  the ele%trolysis cell and alkaline technology f o r  the  
fuel cell. 
STORAGE SECTION ELECT TO ELECT EFFICIENCY - 55% 
e FUEL CELL REACTANT CONSUMPTION: 2575W-HR/kg (0.8545LbIKW-HR) 
o ELECTROLYSIS (SOLID POLYMER) ENERGY CONSUMPTION 
- 5.15 kW-HR/.kg OF O2 (2.34 W-HR/lb OF 02 )  
TOTAL FUEL CELL & ELECTROLYSIS CELL 
- SPEC WT 10 kg/ kW (221b/kW) 
- SPEC VOL 0.018 rn3/kw (0.6ft3/ kW) 
o 200 psi GASEOUS STORAGE (INCONEL) TANKS 
- O2 TANK - 2.5 kg/kg OF O2 
- H2 TANK -- 40 kg/@ OF H2 
o HEAT REJECTION - 4 kg PER kW OUTPUT FROM FUEL CELL 
Fig. 3-5 Regenerative Fuel Cell Energy Storage Design Parameters 
3-1  -1.3 Power Conversion & Control - Several h igh voltage h igh power converters 
have been under development t o  satisfy the requirements of  NASA large power sys- 
3 tern programs. The  MSFC Programmable Power Processor (P ) regulator, developed 
f o r  the  25-kW Power System produces 2.5 kW at  32 V and over 10 k W  at  140 V. 
The LMSC Transformer Coupled Converter (TCC) regulator delivers 6 kW at  32 V 
fo r  the  Space Shutt le PEP program. The TRW series resonant Power Processing 
Uni t  (PPU) regulator provides 2.5 kW f o r  t he  SEP ion engine power at  1100 V and 
other voltages. Power semiconductor device development and avai labi l i ty have sup- 
ported these new power converter designs i n  a timely fashion. 
The power control ler functions required include: 
r, Solar ar ray voltage limiting/regulation 
r, Solar ar ray peak power t rack ing 
o Battery charge control (current/voltage regulation) 
0 Bus voltage regulat ion 
0 Load voltage t ransformat ion and regulat ion.  
These funct ions a re  d i s t r i b u t e d  t o  t h e  appropr ia te  regulators, conver ters,  and 
t h e  PCIC area is  pro jected t o  r e q u i r e  10 kg/kW i n  t h e  in i t ia l  Space Stat ion 
appl icat ion. 
3.1.1.4 Power D is t r i bu t i on  - L igh twe igh t  power  conductors a r e  needed f o r  la rge  
space power systems and ongoing RGD o f fe rs  t h e  potent ia l  o f  l igh twe igh t  h igh  c u r -  
r e n t  dens i ty  conductors.  Aluminum conductors used f o r  t h e  - la rge  power cables 
would resu l t  i n  a considerable weight  savings compared t o  copper conductors.  A lu-  
minum is  be ing  considered f o r  solar a r r a y  harnesses. However, t h e  disadvantages 
o f  aluminum ( i .e. ,  low tensi le  s t rength ,  poor  f l ex ib i l i t y  and poor  c r imp terminabi l -  
i t y )  must  be  evaluated against t h e  potent ial  we igh t  savings. T h e  use o f  high vo l t -  
age i tse l f  wi l l  s ign i f i can t ly  reduce harness we igh t  and t h e  potent ial  f o r  alurninum t o  
creep, causing looseness i n  t h e  connector, eventual a rc ing  and, f ina l ly ,  an open 
c i r c u i t  leads t o  t h e  selection o f  copper w i re  f o r  t h e  requ i red  harnesses. 
T h e  power system swi tchgear is  re levent  t o  bo th  t h e  power conversion func -  
t ion, since it uses switches and controls,  and t o  t h e  harnessing func t ion  i n  t h a t  t h e  
switches are  d i s t r i bu ted  th roughou t  t h e  power d i s t r i bu t i on  l ines. T h e  sol id-state 
swi tchgear technology now ready f o r  appl icat ion appears t o  b e  adequate f o r  h igh  
voltage, h igh  power systems. T h e  power d i s t r i bu t i on  func t ion  is pro jected t o  re -  
q u i r e  8 kg/kW i n  t h e  in i t ia l  stat ion appl icat ion. 
3.1 . I  .5 Candidate Concepts Evaluat ion & Baseline Selection - Five candidate system 
concepts were synthesized and compared on a we igh t - t rade basis.  They  are  iden- 
t i f i e d  i n  Fig. 3-1. F igures 3-6 t h r o u g h  3-8 present  b lock diagram descr ipt ions f o r  
t h e  solar a r ray /ba t te ry ,  regenerat ive fue l  cel l  and nuclear power system, re -  
spect ive ly .  
T h e  weight  performance factors descr ibed i n  t h e  prev ious subsections were 
used i n  developing t h e  overa l l  power f i g u r e  f o r  each concept. Overal l  energy  s to r -  
age section ef f ic iency d i f ferences resu l t  i n  r e q u i r i n g  2.2 and 2.7 a r r a y  o u t p u t  wat t  
f o r  each load wa t t  p rov ided  b y  t h e  NiH2 and regenerat ive fue l  cell section, respec- 
t i ve l y .  
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Fig. 3-6 Solar ArrayIEnergy Storage Block Diagram 
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Fig. 3-7 Regenerative Fuel Cell Orbital Energy Storage Block Diagram 
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Fig. 3-8 Nuclear Power System Block Diagram 
T h e  overal l  power f i gu res  a r e  presented i n  Fig. 3-9 and indicate t h a t  t h e  ad- 
vanced ar ray /RFC concept would p rov ide  t h e  l igh tes t  we igh t  system; whereas, t h e  
modified SP-100 nuclear system would b e  t h e  heaviest system. T h e  advanced a r r a y  
concepts would b e  available i n  t h e  ear ly  1990s and represent  v iable a l ternat ives f o r  
t h e  evolved conf igurat ions.  T h e  modif ied SEPS/NiH2 concept would weigh approx i -  
mately 300 k g  more f o r  t h e  ISS t h a n  t h e  modif ied SEPS/RFC approach, which t rans - -  
lates i n to  approximately $1 mil l ion i n  launch costs. However, RFC development 
costs a r e  estimated t o  b e  s ign i f i can t ly  more than  N.H development costs and negate I 2  
t h e  RFC weight  advantage. T h e  apparent  complexity o f  t h e  RFC approach is  an- 
o ther  f ac to r  in favor ing  t h e  n icke l -hydrogen approach f o r  t h e  ISS. T h e  modif ied 
SEPS array/NiH2 energy  storage concept represents t h e  most cost  e f fec t ive  ap-  
proach when combining shu t t l e  launch, development and product ion  costs. 
T h e  modified SEPS/nickel-h,ydrogen energy  storage concept is  selected as t h e  
baseline consider ing cost, avai lab i l i ty  and re l iab i l i ty /complexi ty .  T h i s  concept is 
also used ( in  modular power chains) i n  developing t h e  EPS f o r  t h e  o the r  elements o f  
the program. 
MOD SEPS ARRAY + 
REG FUEL CELL + PCC&D 
ADV ARRAY + NiH2 BATT EARLY 90's 
ABV ARRAY + REG FUEL CEL EARLY 90's 
NUCLEAR REACTOR 
PCC&D = POWER CONV, COND & DlSTRlB 
0663-065(T) v83-0165-I38lT) 
Fig. 3-9 EPS Candidate Concepts Evaluation Criteria 
3,1,1.6 Emergency Power Considerat ions 
T h e  complete fa i l u re  o f  t h e  baseline p r imary  EPS is  a remote possib i l i ty  b u t  
power/energy f o r  such an emergency condi t ion is  requ i red  t o  .sat is fy  program re-  
quirements. T h e  emergency power section needs t o  b e  stored f o r  long durat ions; 
have immediate operational capabi l i ty;  be  maintainable and rel iable. 
Two approaches were evaluated: 
e Primary h igh-capaci ty  s i l ver  z inc (Ag-Zn)  bat ter ies 
(P Shut t le  fuel  cells p lus  gaseous (400 ps i )  reactant  storage. 
E n e r g y  requ i rements  cou ld  v a r y  f r o m  600 kW-h t o  2000 kW-h w i t h  A g - Z n  ba t -  
t e r i es  we igh ing  f r o m  2500 t o  8200 kg t o  sa t i s f y  these  requi rements.  Fuel  cel l  sec- 
t i o n  we igh ts  a r e  est imated t o  b e  f rom 1100 t o  3600 kg f o r  t h i s  appl icat ion.  
Fo r  a represen ta t i ve  14-day (3.5 k W  average  load) requ i rement  (i . e. app rox i -  
mate ly  1200 kW-h) t h e  f u e l  ce l l  approach wou ld  we igh  2730 kg less a n d  save more 
t h a n  $6 mi l l ion i n  launch  costs.  T h i s  cos t  sav ing  wou ld  increase s i gn i f i can t l y  w i t h  
emergency e n e r g y  g r o w t h  requi rements.  There fo re ,  t h e  f u e l  cel l  is  selected as t h e  
basel ine emergency power  source  based o n  p ro jec ted  overa l l  cost  sav ings  a n d  
f l e x i b i l i t y  f o r  f u t u r e  g r o w t h .  
3.1.1.7 Fol low-On T r a d e  S tud ies  - A benchmark  e n e r g y  management s t u d y  is  
recommended t o  assess t h e  v i a b i l i t y  o f  i n t e g r a t i n g  t h e  EPS, EC/LSS, Therma l  
Con t ro l  a n d  GNGC requ i rements  and  r e s u l t i n g  con f i gu ra t i ons .  T w o  areas (common 
L H  -LOZ reac tan t  s to rage  a n d  e lect r ica l  e n e r g y  s to rage /a t t i tude  con t ro l  v ia  e n e r g y  2 
wheels) may o f f e r  s i gn i f i can t  log is t i c  s u p p l y  advantages when compared t o  
non - i n teg ra ted  approaches. 
A s t u d y  t o  de te rmine  t h e  h i g h  vo l tage  d c  sys tem leve l  i s  also recommended. 
T h e  s t u d y  shou ld  i nc l ude  cost  . t rades of avai lab le  components v s  opt imized 
components r e q u i r i n g  development;  as wel l  as t h e  p r i m a r y  t r a d e  o f  vo l tage  levels v s  
power  d i s t r i b u t i o n  cable, hat-ness and  b u s  we igh ts .  
A s t u d y  t o  compare t h e  cos t  o f  so lar  a r r a y  assemblies o f  va r ious  des igns is  
recommended. Near - te rm advances i n  so lar  cel l  a n d  cove r  performance, l i gh twe igh t  
s t r u c t u r a l  des ign  and  automated a r r a y  f ab r i ca t i on  capab i l i t y  r e q u i r e  c lose mon i to r -  
i n g .  As  a r e s u l t  o f  these  poss ib le  major  improvements,  so lar  a r r a y  l i f e  cyc le  costs 
( i nc l ud ing  Shu t t l e  we igh t  a n d  volume cons iderat ions)  f o r  a l l  elements o f  t h e  Space 
Stat ion p rog ram should b e  syn thes ized  a n d  evaluated.  I n  addi t ion,  o n - o r b i t  assem- 
bly o f  add-on modules f o r  increased capaci ty,  s e r v i c i n g  a n d  repa i r  o f  e x i s t i n g  a r -  
r a y s  shou ld  b e  inc luded  i n  t h i s  t o ta l  a r r a y  cost  eva luat ion.  
A n  emergency power  s u p p l y  s t u d y  is  recommended wh i ch  wou ld  i d e n t i f y  equ ip -  
ment  r e q u i r e d  f o r  c rew  sa fe ty  a n d  de f i ne  achievable rescue t ime. Candidate power  
suppl ies wou ld  b e  evaluated t o  meet these  requi rements.  
3. I -2. Subsystem Description 
3.1 .2.1 Requirements - Station keeping electrical power requirements were devel- 
oped f o r  three phases of  the LEO Stations evolution. Electrical power requirements 
were developed f o r  init ial, mid and evolved configurations t ied t o  three-, s ix-  and 
nine-man support  capabil ity. The  stationkeeping requirements range from I1  kW f o r  
the ini t ial  configurat ion up  to  - 26 kW fo r  the  evolved nine-man station. Figure 
3-10 lists the functional subsystem requirements versus the  crew size/operational 
timef rarne. 
e THERMAL CONTROL 
e COMM, INSTRUMENTATION, 
CONT. & DISPLAYS 
0 DATA MANAGEMENT 
e ILLUMINATION & EPS 
Fig. 3-10 Station Keeping Electrical Power Requirements - 28.5 LEO 
Figure 3-11 l ists the  stationkeeping, c iv i l  mission payloads and Tended Indus- 
t r i a l  Platform (TIP)  power requirements. These requirements are then used t o  de- 
f ine the baseline LEO implementation options (Fig.  3-12) which range from 22 t o  66 
kW with T I P  vehicles obtaining power via the i r  own individual power supplies. I n  
addition, the power levels f o r  a station wi th an integral industr ia l  pa rk  are also 
shown in  Fig. 3-12. 
The solar ar ray is sized by the load power required, ar ray  performance char- 
acteristics, sun/shadow o rb i t  parameters and the  overall power system inef f i -  
ciencies, including environmental degradation. Figure 3-13 i l lustrates the  percent 
shadow time f o r  the two orb i ts  under study.  The  energy storage capacity design 
condition is the  same f o r  the  28.5 deg o rb i t  and the  sun-synchronous "noon" o rb i t .  
CIVIL MISSION PAYLOADS 
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Fig. 3-11 EPS Power Requirements Basic Functions 1990 - 2000 
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Fig. 3-12 EPS Power Requirements Implementation Options 1990 - 2000 
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Fig. 3-13 Solar Array Energy Storage Orbit Considerations 
The energy storage section is sized t o  provide 13.2 kW-hr f o r  the  ini t ial  28.5 deg 
station and 36 min of the required average power f o r  all other stations and 
platforms. 
The emergency power requirement (3.5 kW average) has been assumed to  be 
needed over 14 clays before rescue can be effected. 
3.1.2.2 Baseline Archi tecture - The  init ial  28.5 deg Space Station power and ener- 
gy  requirements are  satisfied b y  use of modified SEP arrays, nickel hydrogen bat-  
teries and appropriate power control, conversion and distr ibut ion components. The  
power and energy requirements f o r  the evolved 28.5 deg Space Station is also sup- 
plied b y  additional power system modules incorporating the  same basic technology 
used f o r  the ini t ial  station. These two power systems are b r ie f l y  described i n  Fig. 
3-14 and 3-15 f o r  t he  ini t ial  and evolved configurations. 
To  provide redundancy, each wing is mounted t o  i t s  own gimbal system which 
points the ar ray t o  wi th in 5' of the sun line. I n  i ts  flight attitude, the ISS has 
the longitudinal axis along the local vert ical.  The  solar a r ray  is outboard wi th 
reference t o  the earth. Dur ing the  sunl i t  period, the  whole a r ray  rotates a t  orbi ta l  
rate about an axis normal t o  the o rb i t  plane. Th is  rotation is from 90° before, t o  
90' past the  sun/earth line. For the remaining sunl i t  p a r t  of the  orbit ,  cosine 
losses are experienced b y  the  system and resul t  i n  approximately 0.5% overall power 
loss. To obviate the  need f o r  sl ip rings, the  orbi ta l  rotation i s  not continuous. 
A f te r  180' rotation dur ing  sunlight, rotation reverses du r i ng  the  dark  period. The  
second degree of freedom provided b y  the gimbal system is necessary t o  t rack  the  
north/south movement of  the  sun caused b y  orbi ta l  precession. This movement is 
less than 1°/day and is provided f o r  b y  indexing at  intervals. 
The emergency pr imary fuel cell/gaseous reactant storage section is sized t o  
provide 1200 kW-hr and the section components are described i n  Fig. 3-16. 
The Tended Industr ia l  Platform and Tended Polar Platform use the  power sys- 
tem components developed f o r  the ini t ial  28.5 deg Space Station. The  solar array, 
energy storage, control and conversion description can be found i n  Fig. 3-14. The 
power distr ibut ion weights would be reduced t o  180 k g  f o r  the  T IP  configuration. 
The Tended Polar Platform would use a scaled-up version of the  ISS/EPS. 
Eight modular power chains would be required, compared t o  six power chains f o r  
3-14 
o SHADOW TlME ENERGY REQUIRED 
SOLAR ARRAY & AUXILIARIES 
- 2 MOD SEPS WINGS - 13.5% EFF. Si CELL 
- (EACH WlNG 18.5 m x 11.5 m) 
0 ENERGY STORAGE 
- 6 Ni H2 BATTERIES 
- EACH BATTERY: 22.5 AMP-HR, 180V. 4 kW-HR CAPACITY 
110 kg, 0.17 rn3 
POWER CONTROL &CONVERSION 
- BATTERY CHARGE CONTROL 
- PEAK POWER TRACKER; REGULATORS 
0 POWER DISTRIBUTION 
- MAST HARNESS 
- HABITATION MODULE 
Fig. 3-14 EPS Description Initial Space Station 
SHADOW TlME ENERGY REQUIRED 
SOLAR ARRAY 81 AUXILIARIES 
- 2 EVOLVED WINGS 
- (EACH WlNG - 18.5 m x 33.5 rn) 
0 ENERGY STORAGE 
, , 
- 18 Ni H2 BATTERIES 
0 POWER CONTROL & CONVERSION 
0 POWER DISTRIBUTION 
MAST, HAB MODULES, LABS & TRANSPORT 
HARBORISURROGATE STRUCTURE 
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Fig. 3-16 Emergency Power Section Components 
the ISS.  The section/component weight, area and volume requirements f o r  the  
Tended Polar Platform are l isted below: 
o Solar A r ray  and Auxil iaries 910 kg 
2 Wings-each 18.5 m x 15.2 m 562 m2 
e Energsy Storage 
8 NjH2 Batteries 
o Power Control and Conversion 290 k g  
0.32 m 3 
o Power Distr ibut ion 545 kg .  
The ar ray output  capabil ity of  64 kW would provide an average load capabil i ty 
of 29 kW. 
3.11 - 3  Subsystem Evolution 
The EPS selected t o  satisfy the ini t ial  Space Station requirements is based on a 
varied technology base. The  solar ar ray would be developed b y  modifying the a r -  
ray  technology being pursued under the MSFC Solar Electric Propulsion (SEP) 
Program. This technology development program has been under way since 1975, 
and provides a credible base upon which t o  designed and manufacture the  station 
ar ray.  The other major EPS sections (i.e., energy storage) require more advances 
in the present SOTA to  b r i n g  the  selected components u p  t o  the 1986 technology 
ready level. One area needing f u r t h e r  analysis and development wi th a signif icant 
impact on the subsystem design is  t he  degree of  autonomy (operation wi th  no in-  
volvement of man) planned f o r  the Space Station and subsystems. 
3.1.3.1 Required Technology Development - I n  low radiation environments (i. e. 
28.5 deg orb i t ) ,  the weight and efficiency of  the solar cells are the d r i v i ng  factors 
in  ar ray weight. Additional development is required i n  t h i n  (2-mil) solar cells and 
low weight cell covers t o  define the  cost effect ive assembly, The higher radiation 
orb i ts  ( i - e . ,  polar) could use the 28.5 deg a r ray  design wi th the ar ray capabil ity 
reduced in  proport ion to  the  expected radiation degradation. 
Power t ransfer  assemblies previously designed f o r  satell ite application are sus- 
ceptible t o  the corona discharge and electrical breakdown problem of the  internal 
gas at cr i t ical  pressure. Prototypes of competing technology (i.e., sealed sl ip 
r ing, tw is t  f lex)  should be designed and evaluated. Similarly, orientation d r i ve  
prototypes should be designed and evaluated t o  meet the  technology ready time- 
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Nickel-hydrogen appears t o  be the  most practical energy storage technology. 
Fur ther  analytical and test evaluation as proposed in  the NASA Fuel Cell Program 
Plan is warranted t o  determine whether the projected system weight and per for -  
mance make it a viable competitor t o  the nickel-hydrogen bat tery.  
Power control and conversion development wi l l  be impacted b y  the degree of  
autonomy selected f o r  the space station and subsystems. 
The use of h igh voltage distr ibut ion wil l  signif icantly reduce power distr ibut ion 
weight as a fract ion of  the total power subsystem. However, although copper wire 
appears adequate and reliable from init ial  applications, development of reliable a lu -  
minum terminals would provide signif icant conductor weight reduction. 
The 1986 technology base used in  prov id ing the ini t ial  28.5 deg Space Station 
EPS would be adequate in  meeting the requirements f o r  the evolved Space Station 
and all other elements of the program. 
The modular design of the EPS would be effected b y  prov id ing a number of  
parallel power chains as i l lustrated in  Fig. 3-6. 
The capabil ity required f o r  the ini t ial  station and the  development e f fo r t  
needed t o  b r i ng  the cu r ren t  technology up . t o  tha t  new level is summarized in  Fig. 
3-17. The more signif icant advancements wil l  be required in  designing and prov id-  
ing  the solar auxil iaries and automated power management components. With the  i n -  
creasing complexity of spacecraft systems operation, the need t o  minimize the crew's 
involvement in  housekeeping activit ies and reduce the spacecraft l i fe  cycle costs, an 
autonomous power management capabil i ty becomes a real requirement. The advent 
of advanced microprocessor and computer technology make it feasible to  consider 
th is  capabil ity f o r  the Space Station program. The NASA OAST Spacecraft Auto- 
mation Technology task wil l  t rade the degree of autonomy vs the attendant complex- 
i t y  and cost. This task should provide the technology t o  support a cost-effective 
subsystem design. The solar ar ray technology advancement wi l l  focus pr imar i ly  on 
prov id ing the mechanical and electrical design-to-manufacturing ar ray capabilities, 
rather than on component research and development. The ongoing DoD- and NASA- 
sponsored programs on nickel- hydrogen and regenerative fuel  cell energy storage 
sections, respectively, should provide the required technology. A nominal develop- 
ment e f for t  wil l be required i n  prov id ing the power distr ibut ion components. 
AREA CAPABILITY REQUIRED RELATIVE EFFORT 
SOLAR ARRAY HI VOLT OPERATION, MINIMUM LONG TERM CREDIBLE '83 SOTA WITH 
.- BLANKET RADIATION DEGRADATION NOMINAL ADVANCEMENT 
- STRUCTURE 
SOLAR AUXILIARIES HI VOLT OPERATION WITHOUT CORONA SIGNIFICANT DEVELOPMENT 
- POWER TRANSFER DISCHARGE AND ELECTRICAL BREAKDOWN 
- DRIVE 
ENERGY STORAGE I RELIABLE LONG TERM OPERATION I CONTINUE ON-GOING DEVELOPMENTS I 
POWER CONV. & SUBSYSTEM CONVERSION, REGULATION AND SIGNIFICANT DEVELOPMENT 
CONTROL CONTROLS PLUS AUTOMATED ELECTRONIC 
(AUTOMATED POWER FUNCTIONS, I.E. COMMAND,.TELEMETRY, 
MGMT) FAULT ISOLATION 
POWER DISTRIBUTION RELIABLE TERMINALS, HEAT SINKING NOMINAL DEVELOPMENT 
- HARNESS HARNESS TECHNIQUES 
- SWITCH GEAR MINIMUM WEIGHT & POWER LOSS, FAULT 
ISOLATION SPEED 
Fig. 3-17 Technology Development Summary Initial 28.5' Space Station 
3.1.3.2 Modular Evolution - The  increased EPS capabil ity required t o  satisfy t he  
station's evolutionary growth wil l  be provided by adding modular power chains simi- 
lar i n  size, function and performance capabil ity developed f o r  the ini t ial  configura- 
tion. The evolved configurat ion wi l l  be used i n  sizing the  ar ray 's  s t ruc tura l  
support mast and distr ibut ion harness. The  in i t ia l  baseline configuration includes 
these provisions. 
The solar array/nickel- hydrogen modular power chain approach appears t o  o f -  
fe r  a practical and cost-effective design t o  meet the growth envisioned at  th is  time. 
The use of other more weight-optimum concepts must t rade the savings in  launch 
costs against the anticipated development and production costs. As an example, an 
advanced solar ar ray using 18: eff icient GaAS cells may provide a 60% array area 
and 4000 a r ray  weight reductions. I n  addition, there would be a reduction in a t t i -  
tude control requirements. The a r ray  weight reduction would translate into ap- 
proximately $700,000 savings i n  launch costs (assuming approximately $1200/lb t o  
28.5 deg o rb i t ) .  However, development (unless shared wi th the Department of  De- 
fense) and production costs would probably negate the launch cost savings f o r  th is  
element of t h e  program. Launch costs t o  sun-synchronous orbi ts are approximately 
three-times more expensive than to  28.5 deg orbits, so the  technology developments 
in solar cells would be monitored closely vs  the anticipated mix of  station element 
requirements. The  higher radiation environments encountered in  polar orbi ts is an- 
other incentive to  closely monitor GaAS technology f o r  possible use in  h igh in-  
clination applications. 
The projected weight savings f o r  a regenerative fuel cell section would ap- 
proach approximately 30°0 of the nickel-hydrogen concept. The launch cost savings 
( in prov id ing the  13.2 kW-hr delta required f o r  t he  energy storage capacity i n  the  
six-man station) would be approximately $500,000. However, signif icant develop- 
ment costs and section complexity appear t o  overr ide the  estimated launch cost sav- 
ings. 
I n  summary, the baselined solar array/nickel-hydrogen modular power chain 
concept of fers a cost-effective and f lex ib le approach t o  satisfy the  evolving station's 
increasing requirements. However, if the power loads grow to  200 t o  300 kW (pos- 
sibly due t o  attached commercial production facil it ies), the  use of SP-100 nuclear 
space power generation technology would be considered. Ar ray  area requirements 
7 2 
would then approach 4000 m' - 7000 m f o r  these load levels and could produce 
significant GNEC requirements. 
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3.2 COMMUN OCATIONS & TRACKING 
The communications G t rack ing subsystem study results, attr ibutes, character- 
istics, key issues and baseline architecture are provided in  the  paragraphs below 
under the following three major subject headings: Analysis & Tradeoffs; ISS/ESS 
Subsystem Configurations; Subsystem Evolution. The information and data herein is 
complementary t o  tha t  available i n  Volume I I, Book 2, Part Ill, prepared by 
COMSAT General. 
3.2.1 Analyses & Tradeoffs 
A s tudy roadmap def in ing the interconnection and sequence of  major s tudy 
areas is presented in  Fig. 3-18. The areas identi f ied f o r  s tudy are those con- 
sidered most signif icant and inf luential  t o  systems/subsystems design features. 
Items designated as key issues, tradeoffs and f u t u r e  follow-on studies are der ived 
f o r  each area and are identi f ied and discussed i n  Subsections 3.2.1.7 and 3.2.1.8. 
3.2.1.1 Project Guidelines - Project guidelines and development influences affected 
b y  these guidelines are identi f ied in  Fig. 3-19. These guidelines have been der ived 
from analyses herein and NASA documentation. Autonomy and the inherent auto- 
mation requirement strongly narrows down the  system/subsystem architecture op- 
tions. The technology dif ferentials between the  ini t ial  and evolved configurations 
bear heavily on an evolution growth plan and intr icately relate t o  technology/state- 
o f - the-ar t  status. Technology transparency, 1986 technology and fa i l  operational - 
fa i l  safe cr i ter ia influence redundancy and commonality as design guidelines. 
3.2-1.2 System Operational Guidelines - A l is t ing of system operational guidelines 
is provided in Fig. 3-20. These guidelines are der ived from system analyses herein 
and NASA documentation. I n  association wi th  RF L lNK simultaneous operation 
(SIMOP) requirements, an RF L lNK topology overview is presented i n  Fig. 3-21, 
which clearly indicates the Space Station as a RFI "SINK" (similar t o  Heat Sink) 
relat ive t o  the following interactions: Space Stat ion-terrestr ial ;  Space Station-RF 
terminals; Space Station onto i tself .  RFI is a key issue item since it can inh ib i t  
Space Station RF L lNK operations. 
The RF L lNK topology i l lustrat ion suggests the  use o f  the Space Station (28.5 
deg inclination) as a "Communications Node" f o r  those p r i o r  designed satellites not  
serviceable b y  the Space Station. Th is  part icular  operation would involve Space 
Station reception of data f rom the  satell ite which i n  t u r n  receives commands f rom 
the Space Station. Th is  is an advantage f o r  those satellites not possessing a TDRS 
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Fig. 3-18 Communications/Tracking Analyses - Tradeoffs Study Roadmap 
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Fig. 3-19 Project Guidelines 
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Fig. 3-20 System Operational Guidelines 
l ink, and f o r  those that  do th is  Space Station operation would ease the TDRS 
S-band loading. Th is  possible Space Station operation is identi f ied as a follow-on 
s tudy e f for t .  
The RF LINK network characteristics associated w i th  the  topology are identi-  
f ied in Fig. 3-22. RF SlMOP requirements must be practical, realizable and not 
represent a potentially dangerous situation t o  the Space Station crew such as might 
occur if two docking maneuvers were attempted simultaneously. Th is  suggests tha t  
in i t ia l  SlMOP include only one docking maneuver as a safety measure. Those term- 
inals involv ing relat ively large ranges and docking (Orbiter, Tended industr ia l  
Platform, OTV,) inherent ly require more consideration of the following per for -  
mance/design parameters: antenna gain; transmitted power; pointing; ranging/ 
tracking; and dedicated vs shared antennas. I n  general, a p r i o r i  information/data 
is  available f o r  each of these terminals: 
e Orbi ter  - ground launch t ra jectory and f l i gh t  path t o  Space Station 
e Tended Industr ia l  Platform - set i n  proximity formation f l y i ng  position by 
Space Station, orbi ta l  decay variation known 
0 OTV - launched b y  Space Station t o  known higher alt i tude position, f l i gh t  
path pre-planned/programmed. 
Therefore, antenna acquisit ion requirements are expected t o  be moderate. 
Auto-t racking mode wil l  be used af ter  acquisit ion f o r  all l inks.  I n  part icular, 
stationkeeping of  the platforms is most effect ively accomplished by each having GPS 
receivers whereby the position data f o r  each can be transmitted t o  the Space 
Station, which can then process th is  data in  conjunction wi th i ts own GPS data. 
Since data from four  GPS satellites are required f o r  position/velocity determination 
wi thout  clock synchronization, effectiveness is questionable f o r  GPS use by the 
OTV. Th is  would involve integrat ion of such items as: position at  time of launch; 
f l i gh t  path (geometric) and total time; time/interval and crossover point du r ing  
which GPS above OTV and time interval GPS below OTV; and OVT acceleration and 
velocity. 
The maximum simultaneous operation (S IMOP) capacity depicted in  Fig. 3-22 
suggests a clear dist inct ion be made f o r  ranging/tracking, t r a f f i c  control, and sur -  
veillance radar. For ini t ial  Space Station purposes, t ra f f i c  control is represented 
b y  the  DMS integrated data processing output  display/data f o r  each SlMOP terminal 
having a ranging/ t racking l ink.  Additional possibilities and surveil lance radar are 
discussed as a follow-on s tudy e f for t .  
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3.2.1.3 Design Guidelines - The  major design guidel ines are presented in Fig.  
3-23. These guidel ines are  der ived f rom a combination o f  present  space operations, 
system design techniques, and space stat ion requirements. T h e  system operationai 
requirements f o r  RF L INK SIMOP, and independent subsystem operations i n  
conjunct ion w i th  autonomy inevi tably lead t o  an all automated system/subsystem 
archi tecture w i th  predominantly DMS interfaces. Therefore, each funct ional 
subsystem multipl icity/commonality requires consideration re lat ive t o  SlMQP and 
p rov id ing  insens i t i v i ty  t o  mission models. The basic funct ional  system archi tecture 
necessary is i l lus t ra ted i n  F ig.  3-24. Both t h e  DMS and Operations Control  Center  
p rov ide  f o r  two levels of operational mode selection as follows: 
Systems level 
- Selection o f  pa r t i cu la r  subsystem(s) , antennas f o r  angular  sector 
- Selection o f  associated program(s) f o r  l i n k  operations 
- In i t ia l  acquisi t ion beam po in t ing  posit ion 
0 Subsystem level 
c - Selection/activation o f  subsystem equipment/component elements 
- oper  mode; channel (s) , bandwidth (s), p w r  transmission (low, med, h igh)  
- Selection/standby o f  backup subsystem equipments/components 
In addit ion, t h e  DMS provides f o r  t h e  overal l  processing (d ig i t iz ing,  mul t ip lex-  
ing, formatt ing, switching, intended rout ing)  o f  raw baseband data d i s t r i bu ted  t o  
the Signal In ter face U n i t  (SIU). T h e  SIU could also contain elements per ta in ing  t o  
automatic t r ack ing .  T h e  quan t i t y  o f  subsystems shown is re lat ive t o  t h e  par t icu lar  
link terminal. Antenna swi tching matrices are requ i red  f o r  f l ex ib i l i t y  o f  SIMOP 
links and assigned angular  sector coverage f o r  each. 
A subsystem funct ional  a rch i tec ture  representat ion appears i n  Fig. 3-25. 
Redundancy is  implemented by dupl icat ion o f  subsystem elements (100%) ; i . e. , ef - 
fectivemess o f  t rans fe r  swi tching common elements is  an issue requ i r i ng  f u r t h e r  
followm studies.  A l i s t i ng  of some subsystem elements appears also i n  t h e  f i gu re .  
it is evident t h a t  redundancy b y  1008 dupl icat ion o f  equipments/components p ro -  
vides -ximum power/mass impacts whereas common element t rans fe r  swi tching tends 
t o  lower these effects. Commonality is a much more extensive issue re lat ive t o  
izat ion o f  funct ional  subsystems and associated f requency allocations. Th is  
is  afsm ident i f ied f o r  f u r t h e r  follow-on s tudy  effects. 
3.2.1-9 Frequency Allocation & Management - Space Station SIMOP requirements, i n  
conjusztion w i t h  present  and f u t u r e  f requency allocations, presented i n  F ig.  3-26, 
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necessitate closer detai led s c r u t i n y  o f  s ign i f i can t  f requency  management l imitations, 
deficiencies and p i t fa l l s  f o r  t h e  Space Stat ion conf igura t ion  beyond t h e  in i t ia l  
(1990). I t  appears that,  based on present  ident i f icat ion o f  ISS SlMOP l i n k  requ i re -  
ments, f r equency  congestion f o r  t h e  in i t ia l  (1990) conf igurat ion may n o t  b e  severe. 
Since allocation i s  p resent ly  conf ined t o  nar row por t ions  o f  S-band and Ku-band, 
and bo th  NASA and  DoD share t h e  same f requency  assignments, RFI can become 
especially c r i t i ca l .  
T h e  1979 WARC addit ional satel l i te f requency  allocations a r e  viewed as a l lev i -  
a t ing  t h e  space opera t ing  f requency  congestion by p r o v i d i n g  avai lab i l i ty  o f  t h e  mil- 
l imeter spectrum, especially f o r  those Space Stat ion l i nks  t h a t  w i l l  b e  new (e.g., 
OTV, GEO, TDAS) .  T h i s  use w i l l  depend on t h e  cost-effect iveness o f  t h e  systems 
to  which t h e  mil l imeter frequencies w i l l  b e  appl ied. I n  par t icu lar ,  t h e  TDAS 
( f u t u r e  replacement f o r  TDRS) w i l l  l i ke l y  employ these mil l imeter frequencies and/or  
laser communications. Since t h i s  i s  p resent ly  i n  t h e  p lann ing  stages, it is d i f f i c u l t  
t o  assess t h e  -implementation impact t o  t h e  Space Stat ion conf igurat ion beyond 1990 
( i .e . ,  in i t ia l  Space Stat ion-TDRS l i n k  i n  S- and Ku-bands) .  
T h e  Space Station era, i n  conjunct ion w i t h  p resent  technology t rans i t ions  
(e .g . ,  t rans i t ion  o f  po in t - to -po in t  microwave l i nks  t o  f i b e r  opt ics),  is  a p r ime t ime 
f o r  re-assessing f requency  allocations and uses. I n  par t i cu la r ,  t h e  Space Station 
may b e  a f i r s t  s tep t o  simi lar f requency-subsystem standardizat ion as prev ious ly  
per formed f o r  te r res t r ia l -based systems (e.g., TACAN, IFF, Loran, radio, ADF, 
etc) .  This ,  i n  conjunct ion w i t h  t h e  inev i tab ly  o f  addit ional f requency  band u t i l i z -  
ation, has led t o  a par t ia l  t radeof f  s t u d y  ( v iab i l i t y  and technical feasib i l i ty)  and 
suggested fol low-on studies, f o r  f requency  band sha r ing  and  system parameters i n -  
vo lved (see Paragraph 3.2.1.9). 
T h e  new mil l imeter wave allocations w i l l  r e q u i r e  la rge  t o  f u l l  DDTSE costs and 
time f o r  system funct ional  appl icat ions t h a t  are t o  b e  designated f o r  t h e  Space Sta- 
t ion.  T h e  inherent  la rge  bandwid ths  and h igher  data rates may not  be  actual ly  
needed f o r  t h e  OTV, Free Flyer,  f u t u r e  GEO, satell i tes. RF l i n k  cost effect iveness 
w i l l  depend on t h e  operat ional range distance requi red,  antenna size (gain),  
receiver  sens i t i v i t y ,  t ransmi t ted  power, noise background,  po in t i ng  accuracy/ 
s tabi l i ty ,  data ra te  requirements. Mil l imeter wave equipments/components also have 
inherent ly  h ighe r  manufac tur ing  and material costs due  t o  v e r y  t ight dimensional 
tolerances and sur face un i fo rmi ty  associated w i t h  t h e  smaller wavelengths. T h e  
specif ic use o f  t h e  59 t o  64 and/or  116 t o  134 GHz f requency  bands due  t o  t h e  high 
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atmospheric attenuation, which the reby  minimizes severe RFI w i th  te r res t r i a l  
terminals, may be  l imited t o  cost-effective application f o r  ear th-sate l l i te  lEn ks  ( i  . e., 
self defeat ing).  Space d i ve rs i t y  us ing  two  o r  more earth-based terminals t o  offset 
inclement weather at  si te(s) requires new s i te  construct ion.  Frequency use f o r  sat- 
el l i te-to-satel l i te l inks  i s  o f fse t  by those RF l i n k  parameters prev ious ly  ci ted. 
Space Station operational use o f  mil l imeter waves requires f u r t h e r  evaluation and 
analysis as t o  cost ef fect ive application. An  overv iew o f  f requency band advan- 
tageddisadvantages appears i n  Fig. 3-27. 
3.2.1.5 Hardware - An  assessment o f  p resent  space qual i f ied hardware status i s  
p rov ided i n  Fig. 3-28 f o r  t h e  h igher  f requency bands. It is  ev ident  t h a t  u p  t o  
Ka-band equipments potent ial ly fa l l  in to  t h e  fol lowing categories: 
0 Exis t ing  as is 
e Exis t ing  t o  be modified (funct ion, performance). 
Therefore, equipment (design, development, and/or modification) i s  no t  viewed 
as a key  issue o r  show-stopper f o r  t h e  in i t ia l  conf igurat ion.  
3.2.1.6 Antenna System - Antenna system considerations are  summarized i n  Fig. 
3-29. The  Space Station conf igurat ion's inherent  geometric complexity and dimen- 
sions p roh ib i t  a single antenna f rom p rov id ing  4n steradian coverage. In  addition, 
mul t ip le RF SlMOP l inks  w i th  v a r y i n g  degrees o f  s t ruc tu ra l  blockage necessitates an 
antenna system selection c r i t i ca l i t y  o f  antenna type, locations and quant i ty ,  in  
concert w i th  overal l  Space Station operational modes. An antenna system based on 
angular  sector coverage would be  t h e  most ef fect ive and appropriate. 
Omni-directional t o  low-gain antenna types are  not  a problem due t o  t h e i r  variety, 
re lat ive ly  small sizes and ab i l i t y  t o  p rov ide  d iscrete angular  sector coverage. 
H igh gain antennas conventional ly a re  gimbal d ish  types which have s igni f icant  
l imitations re lat ive t o  t h e  Space Station requirements. Al though t h e  actual l imita- 
t ions wi l l  be  ul t imately dependent on t h e  f i na l  actual Space Station conf igurat ion, a 
f i r s t  o rde r  evaluation o f  antenna quan t i t y  can be  made re lat ive t o  funct ional/  
performance capabil i t ies required.  T h e  approximation f o r  maximum d ish  antenna 
quan t i t y  is  p rov ided by f i r s t  app ly ing  one antenna f o r  each RF l i nk .  T h i s  quan t i t y  
is t hen  increased by a factor  determined f rom dividing each l ink 's  spherical 
solid-angle coverage requirement by t h e  d iscrete solid angle coverage l imitations 
(blockage, etc) o f  i t s  antenna. For each antenna's designated angular  sector the re  
w i l l  be  times when SIMOP occurs f o r  which t h e  d ish  antenna cannot accommodalte 
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Fig. 3-29 Antenna System Considerations 
( i .e. ,  more than one terminal po in t  w i l l  ex i s t  i n  t h e  sector).  Th is  si tuat ion is f u r -  
t h e r  compounded i n  view o f  t h e  SIMOP l i nks  l i ke l y  i nvo lv ing  d i f f e ren t  frequencies. 
I n  addit ion, some RF l i n k  terminals inherent ly  have var iable operat ing ranges f o r  
which var iable antenna gain needs are  encountered. T h e  aspect o f  redundancy 
must also be  accounted f o r .  
Solutions t o  o f fse t t ing  d ish  antenna operational l imitations and associated quan- 
t i t ies  can be  prov ided by t h e  fo l lowing:  
o Multibeam a r r a y  antennas - p lanar and/or  conformal 
o A dual f requency feed f o r  each d ish  antenna w i th  a beam-forming network  
f o r  each f requency a t  a common focal po in t  
o Antenna shar ing  w i th  an associated reduct ion i n  SIMOP requirements. 
Th is  la t te r  approach is least desirable. A dual f requency feed, pa r t i cu la r l y  
f o r  S- and Ku-bands, appears especially appropr ia te  f o r  RF terminals invo lv ing  
both  frequencies; e.g. ,  TDRS, Orb i te r  w i t h  S-band communications and Ku-band 
radar, OTV and Free Flyers similar t o  Orb i te r .  T h e  multibeam antenna a r r a y  is  
especially appropr iate f o r  designated angular  sectors and SIMOP i n  t h e  sector. T h e  
possib i l i ty  also exis ts  o f  gimbal-mounting t h e  a r r a y  antenna f o r  o f fse t t ing  t h e  
l imitations i n  o f f -ax is  beam-point ing character ist ics. T h e  conformal a r r a y  is most 
applicable where it could be designed as a 360 deg cy l indr ica l  antenna p rov id ing  
complete azimuth coverage and l imited elevation coverage. Th is  approach appears 
most ef fect ive f o r  a survei l lance radar  system comprised o f  in tegra t ing  various sen- 
sors/detectors; mul t ip le RF frequencies, I R, TV (opt ics) .  It would be  un l ike ly  t o  
expect t h e  evolved Space Station conf igurat ion t o  a f f o r d  a space f o r  such an a r r a y  
antenna; however, cost effect iveness f o r  surve i l  lance radar  may lead t o  such space 
provis ions (see Paragraph 3.2.2.2). Fu r the r  information, a l ternat ive considerations 
and t radeof fs  are prov ided as follows: 
o Fig. 3-30 Antenna Design Tradeof fs  
o Fig. 3-31 Antenna System Arch i tec ture  Al ternat ives 
o Fig.  3-32 A l te rnat ive  Arch i tec ture  Assessment. 
A t  present  Mul t ib le Beam A r r a y  (MBA) technology lies predominantly i n  t h e  
mi l i ta ry  domain and, therefore, t h e  associated MBA data i n  F ig.  3-30 is  conser- 
vat ive.  Radar systems incorporat ing MBA i n  conjunct ion w i t h  Direct ion F ind ing 
(DF) are  operational, and more advanced systems are  i n  t h e  demonstration phase. 
These systems applications are  mostly f o r  ECM/ECCM on mobile and a i rborne vehi-  
cles. It is  h igh l y  probable t h a t  Space Station appl icat ion o f  such a system would 
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i nvo lve  moderate costs i n  relat ion t o  funct ional  modifications, no t  development. T h e  
MBA antenna i tse l f  is a passive item and can b e  modif ied f o r  a d i f f e r e n t  operational 
f requency  by f requency  scaling. Ac t ive  components based on f requency  wouiid 
requ i re  replacement. T h e  signal processing technique could be  retained, modified 
o r  replaced. F u r t h e r  invest igat ion and  s t u d y  i n  t h i s  area has been recommended; 
see item ( f )  i n  Subsection 3.2.1.8. 
3 .2 .1 .7  Key Issues - T h e  prev ious discussions have p rov ided  a basis f o r  t h e  fo8- 
lowing der ived key  issues: 
e 41r coverage 
e Frequency allocation and management 
0 RFI 
e Commonality - system and subsystem level 
e Mill imeter/laser l i n k  assignments 
e F u t u r e  TDAS conf igurat ion 
e Subsystem mass/power res t r i c t ions  
e Redundancy v s  common element t rans fe r  sw i tch ing  
e Gimbal d i sh  antenna v s  multibeam a r r a y  
e Substant ial  use o f  TDRS KSA beam f o r  extended t ime intervals ;  only two 
beams available 
e Technology/state-of-the-art advances for thcoming v s  Space Station in i -  
t iat ion/accelerat ion o f  advances 
0 Hardware modifications re lat ive t o  commonality doc t r ine  t o  b e  established. 
These key  issues by t h e i r  na tu re  wi l l  no t  b e  resolved conclus ive ly  i n  a s h o r t  
per iod  o f  t ime. Th i s  is pa r t i cu la r l y  so due t o  t h e i r  relat ionship/dependency on fu -  
t u r e  events and/or  in terre lat ions w i th  each o ther .  
3.2.1.8 Recommended Addi t ional  and/or Follow-on Studies/lnvestigatiorns - T h e  .Zol- 
lowing addit ional and/or  fol low-on studies/ invest igat ions a re  recommended on t h e  b a -  
sis of t h e i r  impact t o  key  issues and t h e i r  der iva t ion  f rom var ious por t ions o f  t h i s  
s tudy ,  especially t h e  above communications/tracking t radeof fs  and analyses. 
a) 28.5 deg Space Station as a communications node f o r  o the r  satell i tes 
b) Space Station subsystem funct ional  f requency  standardizat ion and related 
impacts t o  ex is t ing  tech  nology/equiprnents 
c )  Mi l l imeter/ laser l i n k  assignments i n  conjunct ion w i t h  TDAS conf igurat ion and 
related impacts t o  Space Station subsystems/elements 
d )  System/subsystem levels o f  commonality i n  conjunct ion w i t h  items b) and c) 
above and re lat ive impacts t o  redundancy v s  common element t r a n s f e r  
sw i tch ing  
e) Review, evaluation and analyses o f  ex i s t i ng  space and te r res t r i a l  (ear th -  
based and a i rborne)  systems f o r  cost  effect iveness appl icabi l i ty  t o  Space 
Stat ion operat ions. T h i s  w i l l  inc lude potent ia l  f requency  shar ing  and i n t e r -  
system operat ional character is t ics between t h e  Space Station and te r res t r i a l  
system ( r e f e r  t o  Subsection 3.2.1.9) 
f )  Review, evaluation and analyses o f  ex is t ing  a r r a y  antenna systems and pe r -  
formance character ist ics, re la t i ve  t o  Space Stat ion appl icabi l i ty  and  associ- 
ated modifications/costs 
g )  Survei l lance radar  system operat ional objectives, cr i ter ia ,  t y p e  sensors/de- 
tectors and requ i red  system arch i tec ture .  T h i s  involves an i terat ion p r o -  
cess w i th  item ( f )  above 
h) Frequency allocation and  associated levels o f  RFI  suscept ib i l i t y  ( i n  band/  
ou t -o f -band) .  T h i s  w i l l  inc lude t h e  Space Stat ion as an RFI SINK and 
present  RFI vu lne rab i l i t y  o f  ex i s t i ng  operat ional spacecraft. 
3-2.4.9 Frequency Shar ing  - With p r o p e r  engineer ing t h e r e  is  s ign i f i can t  potent ia l  
appl icabi l i ty  of ex is t ing  te r res t r i a l  (ground-based and a i rborne)  systems t o  Space 
Stat ion operat ions. I n  addi t ion ex i s t i ng  te r res t r i a l  system technology t ransi t ions,  
such as f i x e d  po in t  microwave l inks  t o  f i b e r  optics, make pa r t i cu la r  frequencies 
more readi ly  available f o r  shar ing.  T h e  basic Space Stat ion appl icat ion categories 
would be: 
e Same system f requency  and func t i on  
- Modif ied hardware f o r  space qual i f icat ion 
- Modif ied hardware f o r  func t ion  and/or  performance 
e Same f requency  
- New func t ion  and new hardware.  
Frequency shar ing  does n o t  i n h i b i t  new technology development since new 
technology w i l l  b e  used f o r  a new system appl icat ion o f  t h e  f requency  (e.g.,  a r r a y  
antenna replac ing gimbaled d ish  antenna). 
Frequency  Shar ing  V iab i l i t y  - Frequency sha r ing  is recognized now as non- 
avoidable and a "must" in ternat icnal ly .  V iab i l i t y  consideratiotis a re  summarized i n  
Fig. 3-33. The re  a re  ex is t ing  procedures par t i c ipa ted  i n  by t h e  OTP, ITU,  FCC, 
MTIA f o r  reviewing, evaluat ing and decid ing on proposed system f requency  
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shar ing .  These  a r e  summarized i n  F ig .  3-34. Such proposals  have  been p rev ious l y  
i nvoked  a n d  a r e  p r e s e n t l y  i n  process (e.g., DSCS a n d  J T I D S ) .  T h e  t ime i n t e r v a l  
f o r  t h i s  r ev i ew  process i s  t h r e e  t o  s ix  years  a n d  t h e r e f o r e  a recommended addi t ional  
fo l lowon s t u d y  mus t  b e  con t inued  now. 
T h e r e  is  p r e s e n t l y  a technology t r ans i t i on  f r o m  ear th -based  po in t - t o -po in t  mi -  
c rowave l i n k s  t o  f i b e r  op t i c  cables.  T h e  f i b e r  o p t i c  s ignal  ( l i g h t )  may b e  d i r e c t l y  
modulated (e .g . ,  d i g i t a l  encoding a n d  pulses) o r  may have  t h e  micl-owave s ignal  
modulated on to  t h e  l i g h t  s ignal .  T h i s  l a t t e r  approach i n h e r e n t l y  immunizes t h e  mi-  
c rowave s igna l  f r o m  RF I  (e lect r ica l  in te r fe rence) ,  t h e r e b y  inc reas ing  t h e  v i a b i l i t y  
a n d  technica l  f eas ib i l i t y  o f  Space Stat ion f r e q u e n c y  s h a r i n g  f o r  these  p a r t i c u l a r  mi-  
c rowave f requencies.  
Techn ica l  Feas ib i l i t y  - Frequency  s h a r i n g  f eas ib i l i t y  issues a r e  summarized i n  
F ig .  3-35. T h e  p r i m a r y  concern  f o r  f r e q u e n c y  s h a r i n g  i s  RF I  between t h e  Space 
Stat ion a n d  t e r r e s t r i a l  systems. T h e r e  a re  a number  o f  po in t s  f a v o r i n g  f r e q u e n c y  
s h a r i n g  f o r  t h e  Space Stat ion.  These  po in t s  w i l l  v a r y  depend ing  on  t h e  p a r t i c u l a r  
t e r r e s t r i a l  f r e q u e n c y  b a n d  and  p resen t  system appl icat ion.  
Genera l  system operat ional  charac te r i s t i cs  s u p p o r t i n g  f r e q u e n c y  s h a r i n g  a rz :  
r ange  a n d  associated space loss; po ten t ia l  f o r  avo id i ng  (p redes ign  p lann ing)  o f  an-  
t enna  main-beam-to-antenna-main-beam l i ne  o f  s i g h t  (LOS); v a r y i n g  f i n i t e  f i e l d -o f -  
v iew (FOV) time; a n d  i n tended  ( b y  des ign)  Space Stat ion l i n k  operationa1 angu la r  
sec to r  zone. I n  addi t ion,  f u r t h e r  s u p p o r t  i s  p r o v i d e d  by new techno logy  such  as: 
s ignal  modulat ion a n d  coding; EMC techniques;  antenna p a t t e r n  nu l l i ng ;  a n d  an- 
tenna  beam shap ing .  
T h e  FOV between t h e  Space Stat ion a n d  ea r th /a i r bo rne  based systems w i l l  b e  
i n te rm i t t en t  a n d  t ime- l imi ted.  F o r  f i x e d  ear th -based  systems, t h e  FOV pe r i od i c i t y  
w i l l  b e  dependent  on  t h e  Space Stat ion a l t i t ude  a n d  inc l ina t ion .  F o r  mobi le /a i rborne 
systems, t h e  FOV is  o f  a p robab i l i s t i c  n a t u r e  a n d  t h e  i n te rm i t t en t  t ime i n te r va l s  will 
b e  o f  a random charac te r i s t i c .  
P re l im inary  des ign  c r i t e r i a  and  approach  f o r  Space Stat ion u t i l i za t ion  o f  t h e  
shared  f r e q u e n c y  wou ld  b e  t h e  fo l low ing :  
0 Space Stat ion RF l i n k s  t o  la te ra l  terminals  o r  h i g h e r  a l t i t ude  terminals .  
Space Stat ion has high ga in  antenna, te rmina l  has low ga in  antenna 
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Fig. 3-35 Frequency Sharing Technical Feasibility 
Space Stat ion RF  l i n k s  towards  e a r t h  ( lower  a l t i t u d e  terminals)  t en ta t i ve l y  
wou ld  place h i g h  ga in  antenna o n  te rmina l  a n d  low ga in  antenna on  Space 
Stat ion 
r Space Stat ion o r b i t a l  pe r i od i c i t y  ( f o r  p resen t  s t u d y  nominal ly 90 minutes)  
a n d  associated f i x e d  ear th -based  s ta t ions i n  LOS 
e Determinat ion o f  suscep t i b i l i t y  level  (RF I )  
e Performance parameters  a n d  system operat ional  charac te r i s t i cs  o f  t e r r e s t r i a l  
systems. 
T h e r e  a r e  a number  o f  ear th -based /a i rborne  systems t h a t  may b e  appl icab le t o  
Space Stat ion f r equency  s h a r i n g  a n d  poss ib ly  d i rec t /mod i f ied  systems u t i l i za t ion  f o r  
Space Stat ion operat ions.  O n l y  one example i s  p r o v i d e d  i n  t h e  fo l low ing  d iscuss ion.  
Weather Radar  App l i ca t ion  - A i r b o r n e  weather  r a d a r  operates a t  a f r equency  o f  
9.345 GHz. T h i s  system may b e  appl icab le f o r  Space Statior: su rve i l l ance  o f  deb r i s  
a n d  wou ld  appear  t o  b e  d i r e c t l y  usable f o r  d e b r i s  dens i t y  ( i .e., a i r b o r n e  system 
opera t ion  re l a t i ve  t o  mo is tu re /p rec ip i ta t ion  dens i t y ) .  Potent ia l  Space Stat ion use, 
there fo re ,  may b e  f o r  one  o f  t h e  fo l low ing :  
F requency  o n l y  - new system a n d  f unc t i on  f o r  Space Stat ion 
s Frequency  a n d  a i r b o r n e  system d i r e c t l y  modi f ied f o r  space operat ion 
0 Frequency  a n d  modi f ied a i r b o r n e  system ( func t iona l l y )  p l u s  modif icat ion f o r  
space operat ion.  
Character ist ics o f  t h e  a i rborne system are  as shown i n  Fig. 3-36. F i r s t  level 
ident i f icat ion {of system parameters a re  i l lus t ra ted i n  Fig. 3-37. A t o p  level sus- 
cept ib i l i t y  determination can b e  made f rom t h e  data presented. T h e  RF level t o  t h e  
a i r c ra f t  (excluding Space Stat ion parameters) is approximately 50 d B  below t h e  a i r -  
c r a f t  receiver sens i t i v i ty  level; i.e., space loss, a i r c r a f t  antenna gain - receiver  
sens i t i v i ty .  Since t h e  Space Station ut i l izat ion may be  f o r  space debr is  ( fo rward  
and AFT Looking antennas) surveil lance, on l y  a sidelobe would b e  v iewing t h e  a i r -  
c ra f t .  I t  is  no t  l i ke ly  t h e  sidelobe ERP would equal 50 dB.  Conversely, if t h e  
Space Station receiver sens i t i v i ty  were -100 dBm, t h e  a i r c ra f t  signal would b e  ap- 
proximately 11 d B  below th i s  sens i t i v i ty .  I t  is ev ident  Phis suscept ib i l i ty  analysis 
requires f u r t h e r  detailed refinement; however, t h i s  would also inc lude on t h e  Space 
Station side those techniques (EMC, antenna pa t te rn  nul l ing, antenna beam shaping, 
etc) t h a t  wi l l  be  used t o  minimize RFI susceptibi l i ty,  and t h e  sidelobe ERP level 
v iewing t h e  a i rc ra f t .  
3.2.2 ISS/ESS Subsystern Conf igurat ions 
A summary o f  t h e  communications/tracking subsystem archi tectures f o r  t h e  i n i -  
t ia l  (ISS) and evolved (ESS) Space Station conf igurat ions is p rov ided i n  t h e  follow- 
i n g  discussions. Basically t h e  subsystem arch i tec ture  is  t h a t  p rev ious ly  discussed 
f o r  Fig. 3-24 and 3-25. 
3.2.7.. 1 l ni t ia l  Space Station Conf igurat ion - T h e  communications/tracking subsys- 
tern approach f o r  t h e  in i t ia l  Space Station conf igurat ion appears as fo/ lows: ; 
o Fig.  3-38 RF L ink  Operational Requirements 
o Fig. 3-39 RF L i n k  Performance Requirements Summary 
o Fig.  3-40 Subsystem Component T y p e  L is t ing  
Fig.  3-41 Orb i te r /Free F lyer  Antenna System 
o Fig. 3-42 TDRS L ink  Antenna System 
o Fig. 3-43 EVA/GPS/GSTDN Antennas. 
A redundancy of 100°O i s  prov ided f o r  c r i t i ca l  subsystem elements. Frequency 
bands are  S, Ku and UHF i n  accor-dance w i th  present  space operations. T h e  
o rb i te r / f ree  f l y e r  antenna system is  compatible w i th  t h e i r  s imi lar i ty  o f  RF l i n k  pe r -  
formance requirements. The  d ish  antennas are ar ranged t o  favo r  t h e  lower- hem!s- 
phere, where operations wi l l  predominate. T h e  antennas located on t h e  sur rogate  
w i l l  p rov ide  elevation coverage and a re  i n  t h e  same plane as t h e  solar panel t o  o f f -  
e AIRBORNE WEATHER RADAR 
- FREQ = 9.345 GHz, PULSED 
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0 WIDEBAND 120' (560') 
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- MOD FOR SPACE OPER REQD. 
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Fig. 3-36 Airborne Weather Radar Application - Frequency Sharing 
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Fig. 3-37 Airborne Weather Radar Top Level Inter-System Parameters 
Fig. 3-38 RF Link Operational Requirements 
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Fig. 3-39 RF Link Performance Requirements Summary - (Sheet 1 of 2) 
Fig. 3-39 RF Link Performance Requirements Summary (Sheet 2 of 2) 
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Fig. 3-40 Subsystem Component-Type Listing 
a ORBITERIFREE FLYER SIMILAR CHARACTERISTICS FOUR OMNl ANTENNAS (NOT SHOWN) 
- VARIABLE RANGE 0-2000 krn 
- SHORT RANGE OPERATION 
- RENDEZVOUS, DOCKING 
- 2 S-BAND, 2-KM BAND 
- FREE FLYER 360' AZIMUTH, 22 MILES VERTICAL DISTANCE 
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- S-BAND 20' BW 
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DISH ANT. 
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Fig. 3-41 OrbiterIFree Flyer Antenna System* 
a EACH DISH Ku & S-BAND 4 rn 0.5 rn 
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- BACKUP 
- MAINTAIN LINK CONTINUITY WHEN 
SWITCHING ONE TDRS TO OTHER TDRS 
0 AUTOMATIC TRACKING AFTER 
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AT EACH END 
IN 3-MAN HAB 
NOTES: 
* REFER TO PART Ill FOR FURTHER DETAILS. 
NOT DRAWN TO SCALE. 
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Fig. 3-42 Initial TDRS Link Antenna System* 
set (minimize) blockage from docked vehicles (orb i ter  o r  f ree f l ye r ) .  Docking op- 
erations and maneuvering wil l  occur f o r  only one vehicle at  a time. The extent of 
blockage f o r  the fou r  dish antennas wi l l  be dependent on the boom length f o r  each. 
Requirements f o r  closed c i rcu i t  TV (CCTV) EVA monitoring is minimal due t o  
the  viewing po r t  windows on the manned core module. EVA UHF communicatio~s 
antennas wi l l  be omni types (dipoles, crossed dipoles, etc) f o r  close proximity 
operations wi th in the surrogate area, o r  above and about the subsystem pallet. For 
ranges of 2- t o  10-km EVA operations wil l  be confined t o  a part icular  angular sector 
which may be accommodated b y  horn antenna(s1 mounted on gimbals. The horn a n -  
tenna pat tern angular coverage is well controlled b y  design (geometry, dimensions). 
I n  addition, the  use of r idged horn techniques provides f o r  a 35 t o  50% reduction i n  
size relat ive t o  conventional horn design. 
The init ial  Space Station configuration represents a minimum RF tin k topology. 
Consideration was given t o  extending the support  s t ruc ture  above the subsystem 
pallet to  provide a 360 deg azimuth cyl indr ical  region. Since th is  would be more 
effective f o r  the ESS configuration ( i -e . ,  increased RF l i nk  topology, surveil lance 
radar), the additional weight and costs did not appear just i f ied f o r  the  ini t ial  Space 
Station configurat ion. This approach is discussed in  Subsection 3.2.2.2 below. 
- 0-10 km RANGE, UHF BAND 
- EVA ACTIVITIES PREDOMINANTLY LOWER (SURROGATE) AREA 
- MINIMUM FOUR OMNl ANTENNAS 
- LOW RF POWER 
- RECEIVE FUNCTION ONLY 
- L-BAND 
- MINIMUM TWO OMNl ANTENNAS 
- MINIMIZE STRUCTURAL BLOCKAGE LOCATIONS 
- LOCATED UPPER PORTION OF SPACE STATION 
- USE HORN ANTENNA OR ORBITERIFF DISH ANTENNA (SHARED OPERATION) 
*REFER TO PART Ill FOR FURTHER DETAILS. 
Fig. 3-43 EVA/GPS/GSTDN Antennas* 
3.2.2.2 Increased S t ruc tu re  - Complete Azimuth Coverage - T h e  suppor t  s t r u c t u r e  
above t h e  subsystem pal let af fords an excellent oppor tun i t y  t o  p rov ide  360 deg a i i -  
muth coverage wi th  l imited elevation dependent on t h e  ex tent  t o  which t h e  s t r u c t u r e  
length is  increased ( r e f e r  t o  Fig. 3-44 and 3-45). Th is  angular  coverage is  
especially appropr iate f o r  t h e  ESS conf igurat ion where maximum RF l i n k  topology 
wi l l  be encountered i n  addi t ion t o  a sophisticated survei l lance radar  system. An  
issue arises as t o  whether  t h e  cost /weight /ef for t  i s  g reater  f o r  ear ly  implementation 
( I S S  conf igurat ion)  o r  la ter  implementation (ESS conf igurat ion) .  Docked vehicle 
blockage would be  l imited f o r  sho r t  time intervals f o r  moderate increased s t r u c t u r e  
lengths. H igher  length  increases could p rov ide  minimum t o  no s igni f icant  blockage. 
F igure  3-44 an~d 3-45 i l lus t ra te  t h e  elevation angles associated f o r  a 30 - f t  increase 
i n  suppor t  s t r u c t u r e  length, f o r  two orthogonal views o f  t h e  Space Station 
conf igurat ion.  Elevation angles are  shown f o r  a posit ion located a t  t h e  center  o f  
t h e  s t ruc ture ,  and a t  t h e  end o f  a 20 - f t  boom f rom t h e  s t r u c t u r e  center .  A l though 
these data are  fo r  on ly  two  possible conditions, it is ev ident  t h a t  a combination o f  
increased he ight  and boom could reduce antenna operational blockage t o  almos-i: zero. 
Another  consideration is  t h e  antenna beam axis ver t i ca l  range as a func t ion  of  
elevation angle and horizontal distance f rom t h e  Space Station. These data are  
prov ided in Fig.  3-46. 
The  a r r a y  t o  be  placed around t h e  increased suppor t  s t r u c t u r e  could have 
various shapes, and e i ther  be  adjacent t o  t h e  s t r u c t u r e  o r  o f fse t  by addit ional 
s t ruc tu re .  These possibil i t ies, i n  addit ion t o  a comparison o f  d ish  v s  multibeam 
ar ray ,  a re  i l lus t ra ted i n  Fig. 3-47. 
3.2.2.3 Tended Polar Platform - T h e  TPP communications l i n k  w i l l  be. predominantly 
via TDRS as a re lay due t o  i t s  inherent  l ine-of-s ight  (LOS) l imitations t o  bo th  
g round  stations and t h e  Space Station. T h e  subsystem capabi l i ty  requirements o f  
t h e  p lat form should be  available as dupl icators of t h e  applicable main Space Station 
subsystems. If a d i rec t  RF l i nk  between t h e  p lat form and Space Station is re- 
qui red,  it could readi ly  be accommodated f o r .  T h e  p lat form LOS time in terva ls  and 
associated per iod ic i ty  t o  t h e  Space Stat ion a re  determinable f o r  pre-programming. 
In a d d i t i ~ n ,  navigat ion data are available f o r  updat ing  t h i s  programming. 
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Fig. 3-44 Communications/Tracking Increased Structure, Complete Azimuth coverage - View I 
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Fig. 3-45 Communications/Tracking Increased Structure, Complete Azimuth Coverage - View I! 
Fig. 3-46 Communications/Tracking Increased Structure yU, YL = f (a, p, X) 
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Fig. 3-47 Communications/Tracking Increased Structure Complete Azimuth Array Configuration 
3.2.2.4 ESS Conf igurat ion - The  ESS communications and t rack ing  archi tecture 
conf igurat ion w i l l  essentially be  an expansion o f  t h e  ISS archi tecture t o  inc lude ad- 
di t ional subsystems (i.e., increased RF l inks  and associated SlMOP requirements).  
It is expected t h a t  multibeam a r rays  wi l l  be  employed i n  place o f  ear l ier  d ish  and 
omni antennas. In par t icu lar ,  t h e  complete azimuth coverage zpproach (Subsection 
3.2.2.2) will l i ke ly  be  implemented. 
3.2.3 Subsystem Evstutio:i 
Subsystem evolut ion aspects requ i re  f u r t h e r  d is t inct ion o f  technology t rans -  
parency t o  two areas as follows: 
e Functional capabi l i ty and capacity 
e Tech nology design base and performance parameters. 
It is  ev ident  t h a t  t h e  ISS Communications and T r a c k i n g  Subsystem arch i tec ture  
exhib i ts  complete t ransparency f o r  t h e  former area (i.e., requirement f o r  addit ional 
SIMOP RF l inks  accommodated b y  addit ional independent subsystems). T h e  la t te r  
t ransparency area can be misleading and may resu l t  i n  s igni f icant  f u t u r e  space s la-  
t ion  implementation impacts unless p roper  engineering precautions are taken ear!y. 
Th is  arises esse:~t ia l ly  re lat ive Po i h e  need f o r  compatibi l i ty i n  system design/ inte- 
grat ion commonaiity features, technology advances, and f u t u r e  NASA programs. 
T h e  addit ion o f  independent subsystems basically is p rov id ing  increased cap- 
ab i l i t y  and performance enhancement w i th  supplementary equipments and/or  replace- 
ments. Tharefore, system integrat ion commonality features and doct r ine  should be 
developed and established p r i o r  t o  t h e  ISS so t h a t  g rowth  provis ions do not  in -  
herent ly  involve severe time/cost implementation impacts (i. e., avoid unique in te r -  
face ta i lo r ing) .  Th is  is pa r t i cu la r l y  t r u e  f o r  t h e  communications and t r a c k i n g  sub- 
system wherein technology advances w i l l  impact t h e  equipment designs (i . e. , opera- 
t ional frequency, power requirements, signal modulation/coding techniques, etc) . 
Technology adval-~ce forecasts are: 
. . 
e Antennas: Mcltibeam (MBA) 
- Phased a r r a y  
- Lenses 
s Feed horns and beam f o r m i r g  networks:  
- Vzr iable power d i v i d e r  
- Variab!e phase contro l  
- Monolithic micrc:vave in tegra ted c i rcu i ts  (MMI C) 
e Switches 
- For combining antenna systems 
- For beam swi tching ( t rack ing  purposes) 
o Low-noise amplif iers: GaAs FET 
o Power amplif iers: TWTAs, GaAs FETs 
s Modulation techniques: QPSK, OQPSK, BPSK, MSK, M-ARY PSK, Coded 
Phase Modulation 
o l nter ference contro l  techniques 
e Doppler contro l  technique 
o Processors: LSI , VLSI', on-board data processor, etc. 
o Development o f  h igher  f requency bands (Ka-band o r  W-band). 
o Development o f  optica.1 communications l inks  
o Development o f  f lex ib le  modulation techniques character ized by: 
- bandwidth and power eff ic iency 
- robustness 
- insens i t i v i ty  t o  enviornmental in ter ference and doppler  sh i f ts  
o Space stat ion application o f  mul t ip le access techniques. 
Establ ishing subsystem funct ional f requency standardizat ion ear ly  ( p r i o r  t o  1990) 
w i l l  help reduce long-range improvement uncer ta in ty .  I n  par t icu lar ,  t h i s  must  i n -  
clude f u t u r e  projected TDRS capabil i t ies. 
3.2-3.1 Advanced TDRS Capabi l i t ies - Compat ib i l i ty  w i th  Evolut ion t o  t h e  Yeiir 
208W - T h e  T r a c k i n g  and Data Acquisi t ions System (TDAS), which is  t h e  planned 
advanced TDRSS, is an outgrowth  o f  TDRSS hav ing greater  data ra te  capacity 
Cgigabits/second), increased capabi l i ty and d i rec t  downl ink f rom a TDAS relay sat- 
el l i te t o  user  g round  terminal.  The  planned TDAS satel l i te wi l l  possess new o r  en- 
hanced capabil i t ies such as on-board data processing, on-board inte l l igent  switches, 
sophisticated antennas, rel iable h igh  power ampli f ier a t  S-band, Ku-band, Ka-band, 
W-band, and laser systems, etc. 
*The TDRSS evolut ion is based on t h e  s tudy  resul ts  o f  T rack ing  and Data 
Acquisi t ion System, b y  STI, Inc.  and GSFC/NASA. 
The Ka-band, W-band and/or laser are candidate frequencies f o r  cross-l ink 
between two TDAS spacecraft. S-, Ku-, W-band and/or laser are considered for  
the  inter-satel l i te l i nk  between TDAS and user (low orbi t ing) spacecraft. Ku-band 
and Ka-band are the most l ikely choices f o r  the TDAS space-ground link. The 
TDAS spacecraft architecture, constellation, user RF interface and operational 
interface are t o  be  defined wi th  respect t o  frequency- used, end-to-end 
communications connectivity, and user service and performance requirements. 
This evolution plan is based on the  projected needs of the  user community 
coupled wi th projected advances. Some planned improvements and enhancements of  
TDRSS f o r  incorporation into TDAS i n  1990 are highl ighted below: 
e lmprove the TDRSS coverage capabil ity f o r  low orb i t ing users t o  90% com- 
munication coverage 
e Increase TDRS re tu rn  data rate capacity up  t o  1 GBPS (a t  Eeast 500 Mbps 
as required b y  space station requirements) 
e Consider laser o r  W-band f o r  TDRS - Space Station high rate communica- 
tions 
e Add more single access channels to  each TDRS so as t o  adequately support  
medium and high rate users real-time communications 
e lmprove TDRS/user satellite acquisition and auto-tracking capacity 
e Provide high data rate di rect  downlink (Ka-band) t o  a ground terminal 
dedicated t o  the space station 
e Int roduce new technologies including: bandwidth eff icient moduiation tech- 
niques; data compression, advanced navigation and t racking;  intr-satel l i te 
l ink; h igh w w e r  TWTAs i100-200 w); h igh ly  eff icient IMPATT o r  FET 
amplifiers; multiple beam antennas system (ref lector, microwave devices, 
phased ar ray) .  
It is expected tha t  there vrill be constraints associated wi th the planned TDRSS 
network operatioas. These cui!straints some from three sources: 
e Those defined in  the TDRSS system requirements o r  specifications (see 
TDRSS Users Guide) 
0 Those inherent t o  the NASA network operations, such as sun i~ te r fe rence ,  
user mutual interference and GRFl (Ground Radar Radio Frequency In ter -  
ference) 
o Those coming f rom t h e  TDRSS system design and implementation such as 
TDRSS g r o u n d  stat ion message b u f f e r  size and response t ime limitations, 
service real-t ime reconfigurat ion, KSA auto- t rack system detection and false 
lock, etc. 
These TDRSS system constra ints imposed on users such as t h e  space stat ion 
may become an operational problem if t h e y  y ie ld  any  intolerable condit ion t o  t h e  
user  communications operations. I n o r d e r  t o  mit igate such constraints, some desi r -  
able TDRSS improvement may be  essential t o  t h e  TDAS end users. 
Typ ica l  examples o f  desirable TDRSS improvements as der ived f rom t h e  p ro -  
jected space stat ion requirements i n  o r d e r  t o  cope w i th  such constra ints are: 
o Develop a complete f requency plan t o  resolve any possible f requency con- 
gestion problem among TDRSS/TDAS, space stat ion and o ther  users 
e improve t h e  TDRSS g round  network (e.g., WSGT, NASCOM, NCC and 
POCC data and real-t ime message rou t ing  capabi l i ty and capacity t o  improve 
t h e  simultaneous operational eff ic iency and data t h r o u g h p u t  o f  t h e  user  
end-to-end operations) 
o Increase t h e  WSNGT/NASCOM capabi l i ty  t o  enable concur rent  operations o f  
h i g h  data rate/analog/TV channels, which may v e r y  l i ke ly  occur  d u r i n g  
simultaneous operations o f  space station, o rb i te r ,  LANDSAT-4 and o ther  
users 
Augment TDRSS channel re l iab i l i t y  (no channel loss d u r i n g  real-t ime com- 
munications o r  reconfigurat ions) 
o Enhance t h e  TDRSS capabi l i ty  i n  detect ing channel loss and i n  recover ing 
channels 
o Allocate a dedicated beam exclus ively t c  t h e  space stat ion - TDRS/TDAS 
communications 
- White Sands Ground Terminal (WSGT) 
- NASA Communications (Network)  (NASCOM) 
- Network Contro l  Center  (NCC) 
- Payload Operational Contro l  Center  (POCC) 
- White Sands NASA Ground Terminal (WSNGT). 
3.3 DATA MANAGEMENT 
Wi-thin t h e  last decade the re  have been many dramatic advances in  computer 
technology. T o  apply t h e  many potent ial  benefi ts o f  t h i s  rap id  expanding f ie ld  t o  
the Space Station, a Data Management Subsystem (DMS) was defined which assumes 
and exercises control of all activit ies performed on the Space Station. Requirements 
f o r  DMS were developed and used t o  establish the level of  processing performance 
tha t  must be met. We have defined three major areas i n  ident i fy ing the DMS: 
t rade issues; subsystem description; and evolving technologies. 
- 
3.3.1 Data Management Subsystem/System Trades 
Dur ing  the course of the study, many alternatives t o  key Data Management is- 
sues were investigated. The main areas include Architecture, Operational Autono- 
my, High Order Language, Network Topology and Transmission Media technology. 
Details of the  Data Management Trades appear i n  Volume 2 - Book 2 - Part I ! .  The 
results of the t rade study are discussed in  the following subsections. 
3.5.1.1 Archi tecture - A cr i t ical  factor i n  minimizing the Space Station system l i fe  
cycle cost is subsystem integrat ion and overall space avionics system architecture. 
The system architecture addresses the  processing distr ibut ion of those information 
Management System functions tha t  wi l l  be performed on-board the space station. 
The allocation issues between on-board and ground wil l  be presented in  the next  
subsection. Figure 3-48 traces the flow f o r  identif ication of  on-board architecture 
and software requirements. 
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Fig. 3-48 Functional Allocation 
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The objectives of the DMS archi tecture a r e  shown in Fig. 3-49. To meet these 
objectives severa l  candidate configurations were considered. Each a l te rna t ive  
archi tecture must  sa t i s f y  the software requirements estimates fo r  the Space Station 
DMS shown in Fig. 3-50. Readily identi f iable approaches t h a t  can ful f i l l  the re- 
quirements a r e  the  Central ized and the  Distr ibuted Processing architectures. Cen- 
t r a l i zed  i s  defined as an archi tecture where subsystems do not have any processing 
capability, thus overloading a l l  system requirements into one computer. A single 
processor w i th  the capacity t o  time-sha;-e a l l  of the diverse programs would have t o  
be ext remely l a rge  and complex. Programs that would be used would be di f f icul t  t o  
manage. The distr ibuted processing architecture does not have these shortcomings. 
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- IMPLEMENTS THE 68 ON-BOARD (&SHARED) FUNCTIONS 
- SUPPORTS PEAK & AGGREGATE THROUGHPUT REQUIREMENTS 
- SUPPORTS PEAK & AGGREGATE COMMUNICATION REQUIREMENTS 
0 SAFETY/RELIABILITY 
- FAULT DETECTION, ISOLATION, RECOVERY 
- FAIL OPERATIONAL/FAIL SAFE PERFORMANCE FOR CRITICAL FUNCTIONS 
- AUTONOMOUS OPERATION OF CREW SAFETY FUNCTIONS 
0 EXPANSION POTENTIAL 
- ABILITY TO ADD & DELETE MISSIONS 
- ABILITY TO ADAPT TO STATION RECONFIGURATIONS 
0 TECHNOLOGY TRANSPARENCY 
0 COST EFFECTIVE. 
Fig. 3-49 DMS Architecture - Objectives 
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Fig. 3-50 Software Estimates* for Space Station DMS 
I n  a d is t r ibuted architecture, the  processing resources are incremental t o  the  nodes 
minimizing impact of other nodes i n  both hardware and software. A t rade was 
conducted t o  determine the degree of  d ist r ibut ion (number of  nodes) tha t  should be 
considered as a resul t  of support ing t he  total DMS functions. The  methodology is 
identi f ied i n  Fig. 3-51. The requirements of  each function were f i r s t  identif ied; 
then the functions were grouped into alternate functions so as t o  establish a degree 
of d ist r ibut ion between a f u l l y  centralized data processing system and a f u l l y  dis- 
t r i bu ted  system. Evaluation cr i ter ia tha t  include hardware and software costs and 
expansion potential were used, in  determining the optimum number of  processings 
ncdes that  should be selected. The prefer red configuration has f ou r  processor 
nodes in a distr ibuted configuration. This is shown i n  Fig. 3-52. The evaluation 
work sheet f o r  the selected configuration is shown in  Fig. 3-53; the system ar -  
chitecture of the DMS is i l lustrated in  Fig. 3-54. Note tha t  each of the s.tation 
operation processors is t r i p l y  redundant, conforming t o  the  fail-op, fail-safe 
requirements of  the system. 
ENTERTAINMENT 
Fig. 3-51 DMS Processor Distribution 
3.3.1.2 Autonomy - Autonomy can be f u r t he r  part i t ioned into machine autonomy 
and operational autonomy. Machine autonomy minimizes the involvement of the f l i gh t  
crew 01- ground personnel b y  having functions that  are tradit ional ly performed b y  
man relegated to  a machine. The DMS incorporates these philosophies in i ts  con- 
ceptual design. This study, however, concentrated on the  Operational Autonomy 
question: "Where is it most cost effective to  perform a function, on the ground o r  
aboard the Space Station?" 
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7-0 accomplish this, 18 major functions were identi f ied and then decomposed t o  
84 lower level functions. The '  functions were allocated t o  the  three areas where 
processing would be performed; on-board o r  f l i gh t  operation, ground o r  shared-in 
both places (see Fig. 3-55). Tradeable functions were then re-evaluated based on 
the i r  characteristics. The functions are l isted in  Fig. 3-56. A cost function algo- 
rithm, shown i n  Fig. 3-57, was then used in  the evaluation, w i th  the mission 
function and weighted values represented in  Fig, 3-58. Results of  the  t rade are 
summarized in  Fig. 3-59. The t rade concluded tha t  5 of  the 21 functions 
re-evaluated resulted i n  a reverse allocation. 
3.3 .1 .3  High Order Language - Software cost have dominated the  DMS costs f o r  
the last decade. To  minimize the  escalation and hopefully d r i ve  the  l i fe  cycle costs 
of  software down, a t rade s tudy was performed between several candidate languages 
tha t  can be ut i l ized i n  the  Space Station DMS. These included Ada, Fortran and 
Jovial. Fort ran and Jovial are established high order  languages, b u t  they lack 
many requesites f o r  reliable, maintainable, long l i fe  cycle systems such as the  Space 
Station. Ada, on the other hand, was designed specifically f o r  th is  t ype  of  
appiication and includes features such as exception handl ing and real time control. 
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THE FOLLOWING FUNCTIONS HAVE BEEN SELECTED FOR TRADE-OFF RE-EVALUATION I BASED ON THEIR CHARACTERISTICS. NEXT TO EACH FUNCTION IS FOUND A PRE- I ALLOCATION CODE AND A SECOND CODE (H, M, OR L), WHICH REFERS TO ITS 
CRITICALITY. 
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Fig. 3-56 Tradable Functions (Sheet 'l; of 3) 
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Fig. 3-57 Space Station Cost/Function Algorithm 
Fig. 3-58 Allocation Weighted Value Matrix 
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i n  Fig. 3-60 cr i ter ia pert inent  t o  the  Space Station were used t o  tradeoff the  three 
high level languages. I f  we assume tha t  Ada wil l  meet i ts  design goals and tha t  the 
compiler and the support  environment are available on schedule, then th is  language 
will provide the best solution for  minimizing the  software costs of  the DMS. 
3.3.1.4 Transmission Media Technology - The  communication of  data between com- 
puters and terminals has tradit ional ly been accomplished via hardwire. Although 
f iber optic technology has been available since the early 1960s, f i be r  optics commu- 
nication was not viewed seriously unt i l  the 1970s, when 20-dB/km attenuation was 
achieved. Today, reliable and economical f ibers, connectors, emitters and detectors 
are readily available. Fiber optics provides v i r tua l l y  unlimited bandwidth, insensi- 
t i v i t y  t o  electromagnetic interference and l ightweight. When f ibe r  optics is 
compared t o  hardwire f o r  the cr i ter ia shown in  Fig. 3-61, the results show tha t  th is  
technology is the best approach i n  all these categories. Fiber optics only suf fers 
when considering interconnect complexities. Bu t  greater application of  the 
technology is reducing the complexity. The selection of f iber  optics as the  t rans-  
mit t ing medium technology does not preclude tha t  all issues associated wi th  f i be r  
technology are eliminated. There are s t i l l  design issues (shown in  Fig. 3-62) tha t  
must be addressed when the Space Station design becomes more mature. 
3.3. '8.5 Network Topology - There are many diverse network systems used in  data 
communication. The space station architecture uses distr ibuted processing wi th f i ve  
network nodes. Local area network, as th is  technology is called, allows f o r  the 
distr ibut ion of data at  rates specified b y  the performance requirements. A network 
topology t rade was conducted wi th several candidate configurations. These were 
investigated, not only f o r  l ink ing the DMS network nodes, b u t  f o r  internal applica- 
t ion t o  the mission support and station operation areas. The r i ng  (unidirectional 
and bidirectional), the mult idrop o r  global bus, the star and the  f u l l y  connected 
topologies were all considered. I n  addition t o  the cr i ter ia l isted in  Fig. 3-63, at- 
tention was also given t o  the  need f o r  a centralized/decentralized control ler and t o  
the complexity of the protocols tha t  each topology requires. The results of  the 
topology t rade was the selection of the  bidirectional r i ng  t o  the station operation 
and mission support areas and the star  network selected f o r  the DMS network. 
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Fig. 3-60 High Order Language Trade Study 
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3 .  Fau l t  To lerance T rades  - T h e  re l i ab i l i t y  requ i rements  o f  t h e  Space S ta t ion  
spec i f y  t h a t  a l l  c r i t i ca l  f unc t i ons  b e  fai l -operat ional/ fai I -safe, as a minimum. T h e r e  
a r e  a l t e rna t i ve  approaches o f  a p p l y i n g  t h i s  requ i rement  t h a t  w e r e  s tud ied .  These  
f au l t - t o l e ran t  t r ades  were  pe r fo rmed  f o r  t w o  categor ies;  t h e  o r b i t a l  replaceable u n i t  
- - - 
a n d  t h e  communication a n d  t h e  n e t w o r k  area o f  t h e  Data Management Subsystem. 
T h e  c r i t e r i a  used  were  f a u l t  detect ion a n d  f a u l t  isolation, automatic recovery,  cos t  
a n d  complex i ty .  Cand ida te  approaches a r e  l i s t ed  i n  F ig .  3-64. Fau l t - to le ran t  
implementat ions f o r  t h e  p rocessor  a n d  ne two rks  a r e  shown i n  F ig .  3-65. T h e  r e -  
su l t s  o f  t h e  f a u l t  t o l e ran t  t r ades  a r e  documented i n  F ig .  3-66. Conclusions reached 
a r e  t h a t  a th ree-p rocessor  w i t h  ma jo r i t y  v o t i n g  is  t h e  p r e f e r r e d  choice f o r  c r i t i ca l  
f unc t i ons .  Reconf igurab le  spares e x i s t  f o r  a l l  p rocess ing  func t ions .  It i s  
env is ioned t h a t  -the evo l v i ng  Space Stat ion w i l l  automatical ly r econ f i gu re  t h e  p r o -  
cess ing elements. Automat ic  se l f - tes t  w i l l  b e  per fo rmed i n  t h e  b a c k g r o u n d  wh i le  t h e  
appl icat ion p rograms a r e  be ing  execu ted  ( f o r e g r o u n d  p rocess ing) .  Ada is  a highly 
s t r u c t u r e d  language a n d  has been selected as t h e  h i g h  o r d e r  language. I t s  a t t r i -  
bu tes  w i l l  enhance re l iab le  so f tware .  
Ne tworks  w i l l  have  r e d u n d a n t  l i n k s  and  w i l l  use cyc le  r e d u n d a n t  codes (CRC) .  
T h e  t r a d e  s t u d y  shows t h a t  automatic recon f igura t ion  a r o u n d  fa i led  nodes by use o f  
t h e  redundan t  t in ks  is  t h e  p r e f e r r e d  approach.  
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Fig. 3-66 Fault Tolerance DMS Implementation 
3.3.1.7 Summary T rade  Studies - Many trades were conducted d u r i n g  t h e  s tudy  so 
as t o  develop t h e  most cost ef fect ive DMS f o r  t h e  Space Station time per iod.  Each 
of t h e  elements o f  t h e  DMS was t raded off  us ing  t h e  most important d r i v e r s  OF t h e  
technology. A summary o f  t h e  technologies and t h e  selected options a re  found in  
Fig. 3-67. Of  t h e  t rades conducted, two technologies are  herewi th h ighl ighted.  I n  
t h e  main memory area, which requires non-volat i l i ty,  CMOS was selected ove r  
magnetic core based on t h e  h igher  densi ty  and lower power character ist ics. Anoth-  
e r  requirement, t h a t  o f  no t  us ing  electro-mechanical components, precluded t h e  use 
of opt ical discs i n  t h e  aux i l ia ry  memory area. This technology promises h i g h  densi- 
ty and low cost p e r  megabyte. 
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3.3.2 Data Management Subsystem Description 
Having as a foundation the DMS performance requirements shown in Fig. 3-68 
and completed technology t rades leading to  t h e  selection of pre fer red da ta  prccess- 
ing elements, a pre fer red DMS t h a t  ef f ic ient ly  melds and preserves the  individual 
technology gains was identified. Figure 3-69 i l lust rates the p re fe r red  architecture 
and i t s  elements. A detai l  descript ion of the DMS i s  found in P a r t  II. 
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Fig. 3-69 Data Management Subsystem 
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3.3.2.1 Hardware Descript ion - T h e  system consists o f  a d i s t r i bu ted  processing 
system conta in ing f i v e  non-homogeneous nodes where mul t ip le computer resources 
are  available. Each processing element i s  backed u p  by t w o  o the r  redundant  
elements resu l t ing  i n  sa t is fy ing  fai l -operat ional/ fai I-safe requirements. T h e  major 
funct ions timeshare processing elements w i th  less c r i t i ca l  funct ions, t he reby  min- 
imizing t h e  total  number o f  processing elements. Th is  arch i tec ture  supports t h e  
physical bu i l dup  o f  t h e  Space Station and t h e  incremental software development f o r  
t h e  subsystems. A time reference standard f o r  subsystem use wi l l  b e  an in tegra l  
p a r t  o f  t h e  DMS. T h e  d i s t r i bu ted  processor resources a t  each node wi l l  b e  con- 
t ro l led  cent ra l l y .  
3.3.2.2 Software Descript ion - Ada is projected as t h e  implementation language f o r  
t h e  Space Station software. T h e  software f o r  t h e  DMS can b e  par t i t ioned in to  the 
Appl icat ion Software and t h e  System (Executive) Software ut i l ized t o  manage and 
suppor t  t h e  application software (see Fig.  3-70). Inc luded i n  t h e  system software 
* a r e  modules f o r  data base management and suppor t  software tools. T h e  operat ing 
system module wi l l  inc lude t h e  Ada r u n  time system, permi t t ing  resource manage- 
ment and redundancy management. 
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Fig. 3-70 DMS Software Overview 
The  application software has been par t i t ioned in to  t h e  f i v e  funct ional  system 
n'odes, wi th a s i x th  node as t h e  entertainment center .  A diagram showing t h e  d is -  
t r i bu t i on  o f  t h e  software funct ions is  shown i n  Fig.  3-71. 
3.3.2.3 Physical Character ist ics - Physically, t h e  DMS consists o f  processors w i t h  
main memory, in ter face units,  aux i l ia ry  memories, CRTs and transmission networks 
between various nodes. I n  Fig. 3-72 t h e  tota l  number o f  these components are  
ident i f ied and t h e i r  physical character ist ics, weight, power and volume described, 
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Fig. 3-71 Applications Software Overview 
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3.3.3 DMS -Evolution 
The DMS of  the year 2000 Space Station, wi l l  provide additional capabilities 
and increased rel iabi l i ty over the  In i t ia l  Space Station of  1990. Performance and 
rel iabi l i ty is not gained, however; wi thout  a s t ruc tured plan tha t  permits f o r  tech- 
nology insert ion b y  use of technology transparency. I n  the DMS, new teci-hnology 
o r  improvements wil l  take place as a resul t  of using standard interfaces, thus 
provid ing the desired technology transparency. I n  the following subsections, we 
wil l  discuss the  DMS of the  year 2000, ident i fy ing the dif ference i n  technology and 
benefits derived. We wi l l  ident i fy  development areas and indicate the  necessary 
steps required t o  b r i ng  the technology t o  f ru i t ion.  
3.3.3.1 DMS Technologies - The  DMS f o r  the  year 2000 wil l  contain the baseline 
architecture development f o r  the 1990 Space Station (see Fig. 3-73). Within the 
Station Operations Node, additional processing elements are envisioned which wil! be 
implemented t o  function as standby redundant/automatic reconfigurable modules. 
The benefi t  der ived from using th is  concept is increased resource sharing, thereby 
prov id ing greater rel iabi l i ty. Th is  processing node has, as a baseline, a cen- 
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tsal ized contro l .  I t  is  p re fer red ,  i n  an evo lv ing  manner, t o  increase t h e  decen- 
t ra l izat ion o f  t h e  contro l  func t ion  b y  us ing  dynamic schedul ing. F lex ib i l i t y  and in- 
creased re l iab i l i t y  a re  t h e  a t t r i bu tes  o f  t h i s  approach. 
The  character is t ics o f  t h e  DMS elements a re  l is ted i n  Fig. 3-74. It is  ant ic-  
ipated t h a t  hardware  performance improvements w i l l  be  made based on more matur -  
i n g  technology. Th i s  t rans i t ion  w i l l  r esu l t  i n  increasing t h e  capabi l i ty  o f  t h e  DMS 
t o  meet t h e  ant ic ipated g rowth  requirements o f  an advanced Space Stat ion. 
Software w i l l  permi t  g rea ter  sophist icat ion i n  appl icat ions i n  t h e  yea r  2000 
Space Shut t le .  As t h e  mission experiments mature, t h e  use o f  high o r d e r  languages 
will evolve t o  permi t  A r t i f i c i a l  In te l l igence appl icat ions. Robotics is  a def inable ou t -  
p u t  t h a t  can increase t h e  machine autonomy funct ions.  I n  Fig. 3-75, t h e  evolved 
features o f  sof tware a re  presented.  T h e  improvements t h a t  w i l l  b e  made i n  sof tware 
w i l l  b e  as a resu l t  of us ing  more mature  sof tware and t h e  increasing t rends  o f  stan- 
dard iz ing  t h e  sof tware i n  a manner simi lar t o  t h e  hardware.  An increased use o f  
V e r y  H igh  Speed In tegra ted  C i r cu i t s  (VHSIC) f o r  Space Stat ion appl icat ions w i l l  i n -  
crease t h e  use o f  Ada. 
3 .3 .3 .2  Technology Development Plan - T h e  technologies l is ted i n  Fig. 3-76 have 
been ident i f ied  as those r e q u i r i n g  t o  b e  developed so as t o  p rov ide  t h e  increased 
capabi l i ty  Space Station i n  t h e  yea r  2000. Aux i l i a r y  memory and d isp lay technology 
w i l l  p rov ide  t h e  greatest  rewards since bo th  o f  these technologies i n  t h e i r  p resent  
f o rm have a la rge  penal ty  i n  terms o f  physical  character is t ics.  H igh  density,  high 
speed, non-volat i le random access main memory i n  a low power technology can also 
enhance t h e  capabi l i ty  o f  t h e  DMS. With matur ing  sof tware and accomplishing t h e  
object ives o-F t h e  technologies l isted, t h e  yea r  2000 Space Station w i l l  meet chal leng- 
i n g  requirements o f  t h e  f u t u r e .  
3.4 ENVl RONMENTAL CONTROL/LIFE SUPPORT SUBSYSTEM (EC/LSS) 
3.4.1 T r a d e  Studies 
A major t r a d e  s tudy  has been conducted t o  a id  i n  t h e  selection o f  t h e  Space 
Stat ion EC/LSS. T h e  s t u d y  was t o  choose between: an upgraded open loop EC/LSS 
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(as presented in F ig .  3-77) based upon Shut t le  and Spacelab Technology incor -  
pora t ing  a regenerat ive CO removal system, a condensate water  clean-up system t o  2 
p rov ide  hyg ien ic  water  and radiators f o r  heat rejection; o r  a closed loop EC/LSS 
(as presented i n  Fig. 3-78), wh ich  takes t h e  upgraded open loop and incorporates 
i n to  it an oxygen regenerat ion system and a water  reclamation system, bo th  o f  
which a re  c u r r e n t l y  be ing  developed b y  NASA. 
T h e  cost  o f  t h e  closed loop has been estimated t o  b e  approximately $7.5 mil l ion 
more than  t h e  upgraded open loop. F ive mil l ion dol lars is requ i red  f o r  completing 
t h e  development of t h e  Sabi t ier  Reactor and t h e  Solid Polymer H20 Electrolysis sys-  
tem, bo th  o f  which a re  requ i red  f o r  O2 regenerat ion. T h e  remaining $2.5 M is 
requ i red  f o r  completing t h e  development o f  t h e  water  reclamation system [e i ther  t h e  
Vapor  Compression Dist i l la t ion (VCD) o r  t h e  Thermoelectr ic In tegra ted  Membrane 
Evaporat ion System (TIMES)] .  A closed loop sized f o r  t h r e e  men weighs 206 kg 
more than  t h e  upgraded open loop; however, it requi res 13.7 kg less p e r  day  i n  
resupp ly  (H20, O2 and tankage).  A t rade-o f f  o f  t h e  two  systems ( i l lus t ra ted  in  
Fig. 3-79) shows t h a t  a f te r  approximately 15 days (45 mandays), t h e  in i t ia l  d i f f e r -  
ence i n  launch weight  is made u p  and, if t h e  cost o f  resupp ly  is estimated a t  $1200 
p e r  Ib, t h e  addit ional system cost is made u p  i n  another  208 days (624 man-days).  
T h e  closed loop system becomes more cost e f fec t ive  than  t h e  upgraded open loop 
system i n  less than n ine  months o f  operat ion and there fore  has been selected f o r  
t h e  Space Station EC/LSS. 
3.4.2 EC/LSS Areas f o r  F u r t h e r  S t u d y  
Areas recommended f o r  f u r t h e r  s tudy  re lated t o  t h e  development o f  t h e  Space 
Station EC/LSS are ou t l ined i n  F ig.  3-80, and a re  discussed i n  more detai l  i n  t h e  
fol lowing paragraphs.  
3.4.2.1 Tota l  Cabin Pressure - T h e  selection o f  cabin pressure  level is  related t o  
Space Station missions. A 14.7 psia ear th l i ke  pressure  is p re fe r red  by scient ists 
f o r  most on-board experiments. It also favorab ly  effects EC/LSS design since lower 
vent i la t ion rates are  requ i red  f o r  cool ing than  when operat ing a t  lower cabin pres-  
sures.  Conversely,  because c u r r e n t  technology levels l imi t  space sui ts  t o  operate 
between 5 and 6 psia, it is necessary f o r  t h e  astronaut  t o  "decompress" p r i o r  t o  
EVAs f rom a 14.7 psia 2-gas atmosphere. Cabin pressures of between 8 and 12 
psia are  recommended f o r  el iminat ing t h e  need t o  decompress. Lower cabin pres-  
su re  wi l l  also reduce cabin I ~ a k a g e  rates. A n  8-psia cabin pressure  has been 
assumed i n  Grumman's baseline design.  
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3.4.2.2 System Refinement t o  Eliminate Overboard  Vent ing  - T h e  baseline design 
inc ludes process equipment t h a t  requ i res  overboard  dumping of waste gases f rom 
t h e  Sabatier reactor  and f rom t h e  waste storage system. Th i s  could become a 
problem area because of t h e  potent ial  leakage hazard invo lved and methods f o r  
el iminat ing o r  l imi t ing overboard  ven t i ng  should be  invest igated. 
3.4.2.3 Trace Contaminant ident i f icat ion and  Cont ro l  - Long-term operat ion o f  a 
Space Station and reduced leakage rates w i l l  most l i ke l y  in t roduce i n to  t h e  habi tat  
t r ace  contaminants t h a t  a r e  generated f rom process equipment, experiments, 
f u rn i sh ings  and t h e  crew, which heretofore have no t  been ident i f iab le no r  
considered a problem on shor t -dura t ion  missions. Since these contaminants could 
become hazardous, methods f o r  t h e i r  ident i f icat ion and removal should b e  studied.  
3.4.2.4 Recycl ing o f  Solid Wastes - Solid wastes management on t h e  Space Station 
c u r r e n t l y  calls f o r  t h e  wastes t o  be  compacted and stored i n  t h e  logist ic module 
u n t i l  r e tu rned  t o  ear th  d u r i n g  resupp ly .  increase i n  crew size, mission dura t ion  
and such act iv i t ies as biological experiments and medical t reatment  wi l l  t e n d  t o  
increase t h e  quan t i t y  o f  sol id wastes. Since these waste products  w i l l  most l i ke l y  
occupy more volume than  t h e  or ig ina l  source, methods f o r  t h e  recyc l ing  o f  wastes 
should b e  invest igated. 
3.4.2.5 Two Phase Thermal Cont ro l  - T h e  thermal cont ro l  section c u r r e n t l y  planned 
f o r  t h e  Space Station is  based on Shut t le  technology i.e., pumped l i qu id  (Freon-2'1) 
loop w i th  in tegra l  l i qu id  loop radiator .  However, advanced two-phase systems 
o f fe r ing  potent ia l ly  s igni f icant  advantages are  be ing  developed by NASA. One 
concept f o r  an Ins t rument  Management Subsystem wi l l  p rov ide  coolant t o  a g r o u p  o f  
sc ient i f ic  inst ruments by capi l lary  pumping, t h u s  el iminat ing t h e  need f o r  a 
mechanical pump. Another  much l a rge r  two-phase system (Thermal Bus), is com- 
p r i sed  o f  evaporat ing and condensing cold plates and heat exchangers. t h a t  p rov ide  
temperature contro l  f o r  al l  Space Stat ion subsystems. Ult imately t h e  stat ion waste 
heat load is rejected t o  a Space Constructable Radiator comprised o f  ind iv idua l  h ~ a t  
p ipe  radiator  elements. 
T h i s  new technology of fers many advantages 
e T h e  heat p ipe  radiator  can b e  consti-ucted, maintained and expanded i n  o r -  
bit and prov ides much improved re l iab i l i t y  against micrometeroid and debr is  
o T h e  two-phase heat t r a n s p o r t  loop prov ides  much h ighe r  heat f l u x  
capabi l i ty,  low equipment-to-coolant temperature di f ference, much lower 
coolant f low ra te  and a constant  loop temperature no t  dependent on 
equipment placement o r  heat load. 
C u r r e n t  development contracts a re  f o r  g r o u n d  p ro to t ype  tests.  If favorable, 
fligP2t experiments w i l l  be  requ i red  t o  demonstrate operat ion i n  zero-g, t o  demon- 
s t ra te  suitable assembly hardware and procedures t o  jo in t h e  thermal systems o f  i n -  
d iv idua l  modules i n  o rb i t .  With cont inued emphasis by NASA, a Thermal Contro l  
Section, w i t h  considerably h ighe r  performance than  t h e  Shut t le  system wi l l  b e  
space-qual i f ied and  available f o r  appl icat ion t o  Space Stat ion. 
3.4.3 EC/LSS Descr ipt ion 
T h e  EC/LSS baselined f o r  t h e  Space Stat ion is  a closed loop regenerable sys-  
tem (F ig .  3-78) designed t o  requ i re  a minimum resupp ly  o f  consumables. A l i s t  o f  
t h e  subsystem's funct ional  requirements is presented i n  Fig. 3-81. A b r i e f  de- 
scr ip t ion  of each major section t h a t  comprises t h e  EC/LSS is p rov ided  i n  t h e  fol low- 
i n g  paragraphs.  
3.4.3.1 Atmosphere Supp ly  & Revital izat ion - Th is  section suppl ies t h e  O2 and N2 
t h a t  make u p  t h e  cabin's 8-psia, 37.5% 02/62.5% N2 atmosphere. It also removes 
C02, removes t race  contaminants, contro ls  cabin pressure  and composition and con- 
t ro l s  cabin humid i ty .  
o N Supp ly  - Ni t rogen is  s tored i n  t h e  non-pressur ized area o f  t h e  logist ics 2 
module i n  cryogenic form. T h e  quan t i t y  requ i red  is  a func t ion  o f  cabin 
leakage 
o O2 Supp ly  - Oxygen is  suppl ied t o  t h e  cabin atmosphere f rom a Solid 
Polymer Water Electrolysis oxygen generator  which electrolyzes water  i n to  
O2 and H T h e  H is ut i l ized i n  t h e  C02  removal system 2 ' 2 
o C 0 2  Removal - CO is removed f rom t h e  cabin a i r  and concentrated by t n e  2 
Solid Amine Water Desorpt ion process (SAWD) and then  del ivered t o  t h e  
Sabatier Reactor f o r  reduct ion 
o C 0 2  Reduct ion - T h e  Sabatier Reactor combines t h e  C02 f rom t h e  SAW9 
w i t h  H f rom t h e  electrolysis u n i t  t o  f o rm water  and methane (CH4). T h e  2 
methane is vented overboard  and t h e  water  del ivered t o  t h e  water  reclama- 
t ion  system 
o Trace Contaminant Cont ro l  - Cabin a i r  is  s t r i pped  o f  t race  contaminants by 
passing it t h r o u g h  a contaminant removal system t h a t  contains a combination 
o f  f i l te rs ,  sorbants and a cata ly t ic  ox id izer  
o Atmosphere Composition & Conti-ol - Cabin pressure  and  composition is  
maintained b y  a series o f  valves, 0 and N sensors and a pressure  reguia- 2 2 
t o r  
e Humid i ty  Cont ro l  - Cabin a i r  is d rawn in to  a humid i ty  cont ro l  heat ex-  
changer where excess moisture is condensed o u t  and removed by a water 
separator.  T h e  condensate is del ivered t o  t h e  water  reclamation system. 
3.4.3.2 Water Management - Th i s  section stores and del ivers water  t o  b e  used f o r  
d r i nk ing ,  food preparat ion and hygiene. It also reclaims water  f rom waste wash 
water, u r i n e  and condensate water.  V i r t u a l l y  al l  o f  t h e  water  needed is  reclaimed; 
however, a small quan t i t y  of make-up water  may be requ i red  and a water  t a n k  is  
car r ied  in t h e  logis t ic  module. 
o Water Recovery - Two systems under  considerat ion f o r  t h e  recovery o f  
water  a re  t h e  Vapor  Compression Dist i l la t ion (VCD) and t h e  Thermo Electr ic  
l n tegra ted  Membrane Evaporat ion System (TIMES). 
3.4.3.3 Waste Management - T h e  waste management section collects and disposes 
feces, u r i n e  and refuse. Feces a re  collected f rom t h e  commode, t hen  vacuum d r i e d  
and stored u n t i l  r e tu rned  t o  ear th .  U r ine  is  collected f rom t h e  commode ana 
ur inals,  t hen  t rans fe r red  t o  t h e  water  reclamation system. Refuse is  compacted and 
stored u n t i l  r e t u r n e d  t o  ear th .  
3.4.3.4 Thermal Cont ro l  - T h e  func t ion  o f  t h e  thermal contro l  section is t o  remove 
and re ject  waste heat f rom t h e  cabin and electronics/experiments. T h e  system con- 
sists o f  a water  loop t h a t  removes heat f rom t h e  cabin a i r  by an a i r - to -water  heat 
exchanger. T h e  electronics/experiments a re  cooled e i ther  b y  cold plates o r  by 
a i r - to -water  heat exchangers. T h e  water  loop interfaces w i t h  t h e  radiator  Freon 
loop. 
3.4.3.5 Emergency Stores - A 14-day supp ly  o f  emergency stores has been p rov id -  
ed. These stores a re  comprised o f  food, H20, gaseous O2 and LiOH f o r  C02 re-  
moval . 
3.4.3.5 Summary - F igure  3-82 shows a weight, volume and power breakdown f o r  
each of t h e  EC/LSS sections sized f o r  a three-man crew. T h e  data presented 
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r e f l ec t  actua l  component manufac tu re r ' s  data ( re fe rence  Hamil ton S tanda rd  
Parametr ic  Data f o r  Space Stat ion)  and, whe re  data were  n o t  available, estimates 
we re  based o n  exper ience a n d  judgment .  Weights , inc lude  recommended spares and  
expendables; however,  an addi t ional  50% redundancy  f ac to r  has been inc luded .  A 
more deta i led re l i ab i l i t y  analys is  shou ld  b e  done as t h e  p rog ram develops t o  a r r i v e  
a t  a more complete a n d  poss ib ly  l i g h t e r  system. 
3.4.4. EC/LSS Evo lu t ion  
T h e  bas ic  three-man EC/LSS p r o v i d e d  f o r  t h e  l n i t i a l  Space Stat ion a n d  de- 
sc r i bed  i n  Subsect ion 3.4.3 serves  as t h e  b u i l d i n g  b l ock  f o r  t h e  nine-man EC/LSS 
o n  t h e  Evo lved  Space Stat ion (see F ig .  3-83).  T h e  bas ic  subsystem i s  used  f o r  
b o t h  t h e  ISS a n d  ESS because it incorpora tes  techno logy  t h a t  is  expec ted  t o  b e  
avai lab le  p r i o r  t o  1986 t h a t  w i l l  "close" t h e  loop ( regenera te  o x y g e n  a n d  reclaim 
wa te r )  a n d  n o  o t h e r  major advances i n  EC/LS techno logy  a r e  expec ted  Po o c c u r  
p r i o r  t o  t h e  t ime t h e  des ign  o f  t h e  ESS is  f rozen .  It i s  an t i c ipa ted  t h a t  use  o f  t h e  
bas ic  EC/LSS as a b u i l d i n g  b l ock  f o r  b o t h  t h e  ISS and  t h e  ESS represen ts  t h e  most 
p rac t i ca l  a n d  cos t  e f fec t i ve  approach.  
T h e  ISS w i l l  c a r r y  a basic three-man EC/LSS t h a t  inc ludes t h e  spare  p a r t s  a n d  
r e d u n d a n t  systems needed t o  assure  Space Stat ion re l i ab i l i t y  requi rements.  Emer- 
gency  s tores capable o f  sus ta i n i ng  t h e  three-man c rew  f o r  14 days  wi l l  also b e  
p rov ided .  Excep t  f o r  expendables a n d  t h e  wa te r  s torage t a n k  wh i ch  a r e  s to red  i n  
t h e  log is t ics  module, al l  o f  t h e  EC/LSS is  located i n  t h e  hab i t .  
T h e  add i t ion  o f  t w o  three-man hab i ta ts  t o  c rea te  t h e  ESS requ i res  inc reas ing  
t h e  capac i ty  o f  t h e  ISS's EC/LSS f r o m  t h r e e  t o  n i n e  men. T h i s  is  accomplished by 
p r o v i d i n g  basic three-man EC/LSS modules i n  each o f  t h e  addi t ional  three-man 
hab i ta ts .  T h e  modules a r e  s imi lar  t o  t h e  one located i n  t h e  I n i t i a l  Hab i ta t  excep t  
t h a t  no  p rov i s i on  is made f o r  spares o r  r edundancy .  Add i t iona l  emergency s tores 
f o r  o n l y  t h r e e  men f o r  14 days  a r e  p r o v i d e d .  T h e  reduced  need f o r  spares a r d  
redundancy  is  poss ib le  s ince t h e  EC/LSS o n  t h e  ISS a l ready  makes t h i s  p rov i s i on .  
T h e  reduced need f o r  emergency s tores is  poss ib le  because opera t ion  o f  t w o  o f  t h e  
t h r e e  bas ic  EC/LSS modules w i l l  s u p p o r t  n i ne  men i n  a degraded mode. 
T h e  EC/LSS t o  b e  p r o v i d e d  on  t h e  Science Laborator ies w i l l  b e  compr ised o f  
a i r  c i r cu la t ion  fans  and  a i r  duc t s  wh i ch  d i s t r i b u t e  a i r  f r o m  t h e  hab i ta ts  t h r o u g h  t h e  
laborator ies.  
Weights,  volumes and  power  requ i rements  f o r  t h e  EC/LSS on  b o t h  t h e  ISS a n d  
t h e  ESS a r e  p resen ted  i n  F ig .  3-84. T h e  EC/LSS f o r  t h e  ESS weighs s l i g h t l y  more 
t h a n  t w i c e  t h e  EC/LSS f o r  t h e  ISS, t h o u g h  it p rov ides  th ree- t imes  t h e  capac i ty  be-  
cause o f  t h e  reduced  need f o r  spares, r e d u n d a n t  systems a n d  emergency s tores.  
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3.5.1 GNEC T r a d e  Issues 
GNLC f o r  t h e  Space Stat ion p r i m a r i l y  encompasses t h r e e  areas: a t t i t u d e  con- 
t r o l ,  a t t i t u d e  determinat ion a n d  o r b i t  con t ro l .  F i g u r e  3-85 summarizes t h e  genera l  
requi rements a n d  parameters  f o r  t h e  bas ic  s ta t ion  con f igura t ions .  A nominal a l t i -  
t u d e  o f  370 km was chosen f o r  des ign  t r adeo f f s .  A local ve r t i ca l  ( s ta t ion  
long i tud ina l  ax is)  pe rpend i cu la r  t o  t h e  o r b i t  p lane  (so la r  a r r a y  gimbal ax is)  
o r ien ta t ion  was spec i f ied by t h e  i n i t i a l  con f i gu ra t i on  designs, p r i m a r i l y  t o  s u p p o r t  
payloads a n d  so lar  a r r a y  requi rements.  Con t ro l  accuracy  o f  5 d e g  was chosen t o  
s imp l i f y  con t ro l ;  w i t h  p rec is ion  p o i n t i n g  a n d  con t ro l  p r o v i d e d  by t h e  i nd i v i dua l  
payloads as requ i red .  
T h e  fo l low ing  gu ide l ines a r e  used  i n  t h e  subsequent  system t rades :  
e Minimize t h e  need f o r  expendables 
Emphasize p r o v e n  techn iques  
o Emphasize e x i s t i n g  components 
o Minimize Contaminat ion E f fec ts  
e Emphasize des ign  analys is  w i t h o u t  t h e  O r b i t e r  (assume O r b i t e r  augments 
con t ro l  when a t tached) .  
3.5.1 . I  A t t i t u d e  & Ve loc i t y  Con t ro l  Issues - T h e  major GN&C des ign  issues f o r  t h e  
Space Stat ion a r e  summarized i n  F ig .  3-86. T h e  f i r s t  t h r e e  issues a r e  closely 
re la ted.  Selection o f  a t t i t u d e  o r ien ta t ion  i s  i n i t i a l l y  made based o n  mission requ i re -  
ments ( e - g . ,  pay load po in t i ng )  a n d  r e q u i r e d  s u p p o r t  of o t h e r  subsystems such  as 
so lar  a r r a y s .  Superimposed o n  these  requ i rements  i s  t h e  des i r e  t o  minimize en- 
v i ronmenta l  d i s t u rbance  t o rques  t o  reduce  ac tua to r  demands a n d  p rope l l an t  r equ i re -  
ments.  
T h e  major d i s t u rbance  sources a t  t h e  selected a l t i t ude  a r e  g r a v i t y  g r a d i e n t  a n d  
aerodynamic t o rques .  I n  addi t ion,  t h e r e  a r e  i n te rna l  d is tu rbances  caused by mass 
mot ion o f  f;:.lids a n d  equipment .  T h e  l a t t e r  e f fect  can b e  minimized t o  some e x t e n t  
by sel f -compezsat ion a n d  care fu l  placement o f  equipment .  G r a v i t y  g r a d i e n t  t o rques  
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Fig. 3-84 ECILSS Evolution Weight, Volume, & Power Requirements 
a r e  a function of cross products of inert ia and at t i tude relat ive to  local ver t ica l .  
Aerodynamic to rques a r e  a function of the  drag cross section area, the al t i tude and 
the  cg location. 
O u r  i n i t i a l  approach i s  to  select the nominal local ver t ica l  (L/V) perpendicular 
t o  orbit p l a n e  (POP) orientat ion t o  supp,ort i h e  many ear'ifi-oriented payloads and t o  
estimate d isturbance torques and momentum buildup. The capabil i t ies of ex is t ing  
actuators and unloading techniques can then be evaluated, leading to t rades  of 
a t t i t ude  orientat ion v s  system weight. 
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3.5.1.2 D i s tu rbance  T o r q u e  Summary - T h e  magni tudes o f  t h e  dominant  e n v i r o n -  
mental  d is tu rbances  a r e  p resen ted  i n  F ig .  3-87 f o r  t h e  bas ic  con f igura t ions  a t  t h e  
nominal 370 k m  a l t i t ude .  T h e  X -ax i s  i s  ea r t h -o r i en ted  w i t h  t h e  Y -ax i s  pe rpen -  
d i c u l a r  t o  t h e  o r b i t  p lane.  T h e  values a r e  computed f o r  one  p a r t i c u l a r  pos i t ion  of 
t h e  gimbaled pay loads a n d  t h e  so lar  a r rays .  T h e  to ta l  t o r q u e  shown is  t h e  sum o f  
t h e  aero a n d  g r a v i t y  g r a d i e n t  to rques .  T h e  evo lved  Space Stat ion a n d  Tended  
Polar P la t form con f igura t ions  have  some v e r y  s izable d is tu rbances  wh i ch  a r e  d i s -  
cussed i n  t h e  n e x t  subsect ion.  
3.5.1.3 Con f i gu ra t i ons  Comparison - F i g u r e  3-88 compares t h e  Space Stat ion Con- 
f i gu ra t i ons  qua l i t a t i ve l y  i n  te rms o f  aero  d r a g  p r o f i l e  and  t h e  d i s t r i b u t i o n  o f  t h e  
major elements (e. g . , solar  a r rays ,  su r roga te  pay load  bay, hab i t ab i l i t y  modules, 
e t c ) .  T h e  approx imate  c g  locat ion i s  ind ica ted  wh i ch  permi ts  one t o  g r o s s l y  assess 
t h e  dominant  sources o f  ael-o a n d  g r a v i t y  g r a d i e n t  d is tu rbances  a n d  t h e i r  va r ia t ion  
d u e  t o  t h e i r  chang ing  pos i t ions.  
I n  a l l  cases excep t  t h e  Tended  I n d u s t r i a l  P la t form con f igura t ion ,  t h e r e  a r e  o f f -  
ax is  masses t h a t  se r ious ly  e f f ec t  t h e  i ne r t i a l  symmetry,  caus ing  s i gn i f i can t  g r a v i t y  
g r a d i e n t  d i s t u rbance  to rques .  
3.5.1.4 Bias Momentum Per  O r b i t  - T h e  to ta l  angu la r  momentum accumulated in  an 
o r b i t  as a r e s u l t  o f  t h e  aerodynamic a n d  g r a v i t y  g r a d i e n t  d i s t u rbance  t o rques  a r e  
p resen ted  i n  F ig .  3-89. G r a v i t y  g r a d i e n t  t o r q u e  is t h e  dominant  e f f ec t  in t w o  
con f igura t ions  because o f  t h e  non-opt imum ine r t i a  charac te r i s t i cs .  
A Sky lab  cmg has a maximum t o r q u e  capab i l i t y  o f  165 newton-meter,  more t h a n  
an  o r d e r  o f  magn i tude  h i g h e r  t h a n  t h e  maximum r e q u i r e d  t o r q u e .  However,  t h e  
momentum s to rage  capac i ty  o f  3118 N-m-sec i s  o n l y  su i tab le  f o r  t h e  requ i rement  o f  
t h e  Tended  I n d u s t r i a l  P la t form con f i gu ra t i on .  F requen t  un load ing  is  cal led f o r  a t  
t h i s  momentum b u i l d u p  leve l .  T h e  t o rques  r e q u i r e d  a r e  too  l a rge  f o r  a convent ional  
magnet ic  un load ing  system. I n i t i a l  calculat ions o f  t h e  p rope l l an t  q u a n t i t y  r e q u i r e d  
f o r  monopropel lant  a n d  b ip rope l l an t  systems appear  p roh ib i t i ve ,  sugges t ing  con f i g -  
u ra t i on  and /o r  f l i g h t  con t ro l  modi f icat ions.  I t  is  u r g e d  t h a t  a t t i t u d e  s teer ing  simi- 
l a r  t o  Sky lab  a n d  ju idc ious opera t ion  o f  gimbaled elements, such  as t h e  I ns t rumen t  
Po in t ing  Systems, can be used  t o  s i gn i f i can t l y  reduce  t h e  momentum s to rage  
requi rements t o  an acceptable leve l .  A t t i t u d e  s tee r i ng  invo lves  pi-ogramming t h e  
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Fig. 3-87 Disturbance Torque Summary 
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Fig. 3-89 Bias Momentum Per Orbit 
a t i i t u d e  o f  t h e  Space Stat ion as a f u n c t i o n  o f  t ime t o  minimize mo~nenturn accumu- 
la t ion  u s i n g  a math model o f  t h e  d i s tu rbance  env i ronment  a n d  vehic le  charac te r i s -  
t i c s .  
It is  rea l is t ica l ly  assumed t h a t  t h i s  t echn ique  can reduce  t h e  momentum b u i l d u p  
p e r  o r b i t  t o  1000 o f  these  values. These  reduced va lues have  been used  i n  t h e  sub-  
sequent  p rope l l an t  t r ade .  
3.5.1.5 Prope l lan t  Consumpt ion Estimates - Propel lant  estimates we re  genera ted  f o r  
each con f i gu ra t i on  u s i n g  t h r e e  candidate p rope l lan ts :  co ld  gas !ISD = 60 sec), 
monopropel lant  (I = 150 sec) a n d  b ip rope l l an t  (I = 289 sec j  a n i  a're summarized 
s P SP 
i n  F ig .  3-90. T h e  momentum p e r  o r b i t  used  f o r  these  ca lcu la t ions is  10% o f  t h e  
to ta l  b ias momentum, as d iscussed p rev ious l y .  T h e  momentum arms used  assume 
t h e i r  capab i l i t y  o n  a l l  axes wh i ch  may r e q u i r e  t h e  add i t ion  o f  a " i h r u s t e r  arm" t o  
t h e  con f igura t ions .  
T h e  Tended  Polar P la t form is  assumed t o  be  resupp l i ed  a t  two -yea r  in te rva ls ,  
whereas t h e  manned Space Stat ion a n d  Tended  I n d u s t r i a l  P la t form can b e  resupp l ied  
a t  90-day  i n te r va l s .  T h e  l a t t e r  two  r e q u i r e  71 1 kg a n d  32 kg respect ive ly ,  o f  co ld  
gas wh i ch  a r e  acceptable amounts.  A two -yaa r  requ i rement  o f  430 k g  o f  b ioprops l -  
l an t  f u e l  f o r  t h e  Tended  Polar P la t form is  marg ina l l y  acceptable.  Eowever ,  t h e  con-  
tamina t ing  p rope r t i es  o f  b ioprope l lan t  a r e  cons idered  undes i rab le  f o r  t h e  opt ica l  
pay load.  
T h e  resu l ts  o f  t h i s  t r adeo f f  sugges t  t h a t  t h e  Tended  Polar P la t form be moved 
t o  a h i g h e r  o rb i t a l  a l t i t ude  a t  t h e  b e g i n n i n g  o f  each two -yea r  cyc le .  T i l e  ob jec t i ve  
is  t o  ach ieve condi t ions wh i ch  w i l l  pe rm i t  t h e  use o f  a co ld  gas system. T h e  use o f  
co ld  gas has a l ready  been shown t o  b e  feas ib le  f o r  t h e  manned Space Stat ion and  
Tended  I ndus t r i a l  Plat form. 
**ASSUMES ONLY 10% OF TOTAL BIAS MOMENTUM MUST BE UNLOADED BY JETS 
Fig. 3-90 Propellant Consumption Estimates 
3.5.1.6 Conclusions - T h e  basic design approach we have selected features on-  
board  autonomous sensors and actuators f o r  a t t i t ude  contro l .  Precision a t t i t ude  de- 
terminat ion is  p rov ided  when requ i red  by payload sensors. O r b i t  contro l  is  based 
on navigat ion via t h e  Global Posit ioning System w i t h  per iodic  o r b i t  ad jus t  maneuvers 
scheduled on a non- inter ference basis w i t h  mission operat ions. 
F u t u r e  t rade  studies should address t h e  fol lowing: 
o Prefer red  a t t i t ude  or ientat ions v s  conf igurat ion design 
o O r b i t  a l t i tude v s  system weight  and complexity 
o In tegra ted  magnetic t o rque rs  v s  reaction cont ro l  unloading 
LO2-LH2 propel lants in tegra ted  w i t h  EC/LSS and EPS requirements. 
3 -5 .2  Guidance, Navigat ion & Cont ro l  Subsystem Descr ipt ion 
F igure  3-91 shows t h e  major GNGC System components f o r  al l  Space Station 
conf igurat ions.  T h e  p r imary  a t t i t ude  contro l  sensors a re  th ree-ax is  ra te  in tegra t ing  
gy ros  w i t h  a t t i t ude  updates p rov ided  b y  earth, sun and s ta r  sensors. T h e  magnet- 
ometers are  used b y  t h e  magnetic t o r q u i n g  system. A g r o u p  of t h r e e  3.-degree-of- 
freedom contro l  moment gy ros  p rov ide  redundant  contro l  to rques w i th  cold gas and 
magnetic unloading. fay load-mounted o r  in te rna l  f i n e  e r r o r  sensors ' p rov ide  $rec i -  
sion contro l  inputs  as requ i red .  T h e  GN&C electronics prov ides al l  computations 
requ i red  f o r  autonomous a t t i t ude  and veloc i ty  cont ro l  w i t h  minimum g r o u n d  stat ion 
involvement.  
T h e  subsystem components requ i red  f o r  a t t i t ude  and veloc i ty  cont ro l  a re  speci- 
f i ed  i n  Fig. 3-92 f o r  t h e  baseline concept. Typ ica l  u n i t  weights and power a re  
g iven and a pre l iminary recommendation is made f o r  t h e  quan t i t y  requ i red  which w i l l  
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prov ide  redundancy and maintainabi l i ty whi le  operat ional.  T h e  specif icat ion o f  spe- 
c i f i c  t h r u s t e r s  and propel lant  tanks  requ i re  f u r t h e r  conf igura t ion  development be- 
f o r e  a selection can b e  made. 
3.5.3 G N & C  Subsystem Evolut ion 
T h e  specif ic equipment (e.g. ,  t h e  sensors and actuators) requ i red  f o r  t h e  i n i -  
t i a l  and subsequent Space Stat ion is  essential ly available present ly .  T h e  one possi- 
b le  except ion t o  t h i s  is t h e  hardware elements t o  p rov ide  a Icw-g  p la t fo rm f o r  t h e  
materials processing missions. These inc lude dynamic isolation systems t o  overcome 
t h e  forces resu l t ing  f rom cont ro l  actuators which requ i res  development. 
T h e  key  enabl ing technology f o r  GI\I&C concerns t h e  analyt ical  and expe r i -  
mental val idat ion o f  t h e  subsystem design f o r  a modular, incremental bu i l dup  o f  a 
Space Station. I n  addi t ion t o  t h e  development o f  t h e  analyt ical  tools t o  b e  used f o r  
conf igurat ion design, in tegra ted  modular assembli'es o f  G V & C  subsystem equipment 
must  be  developed which permi t  ,the safe, rel iable b u i l d u p  and g rowth  o f  t h e  Space 
Stat ion. Such a "consti-uction cont ro l  package" concept i, requ i red  us ing  t h e  avai l -  
able hardware elements already ident i f ied.  Srnooth t rans i t ions  of cont ro l  a2 thor : ty  
mus.t be  insured as a conf igurat ion evol\!es, and also d u r i n g  nor-ma1 maintznance 
operations. 
Al though t h e  basic technology requ i red  f o r  t h e  Space Station program is  avai l -  
able, t he re  are  G N & C  technology improvements and refinements t h a t  can b e  devzl -  
oped on t h e  Space Stat ion. T h e  avai lab i l i ty  o f  a manned laboratory i n  o r b i t  o f f e rs  
t h e  possib i l i ty  o f  developing improvements i n  G N I C  equipment. Fo.- example, 
long- l i fe  ro ta t ing  components app ly ing  t h e  pr inc ip les o f  t r i bo logy  can b e  demon-. 
stsated i n  t h e  zero-g envi ronment  u n d e r  close observat ion leading t o  i rnprovzd reac- 
t o r  wheels, gy ros  and o the r  components. These improvements may b e  incor!>oratzd 
i n  Space Station updates leading t o  reduced maintenance and imprcved ~e r fo i .macce .  
T h e  general cievelopment o f  more read i ly  maintainable hardware is also suggested by 
t h i s  on -o rb i t  t e s t  and avaluation capabi l i ty .  
T h e  Space Stat ion a f fo rds  t h e  oppor tun i t y  t o  develop more accurate models COP 
t h r u s t e r  plume dynamics and related design parameters which may fo rm a basis f a r  
more ef f ic ient  t h r u s t e r  designs. T h e  feasib i l i ty  o f  h ighe r  I t h r u s t e r s  t o  p ro long 
s P 
stat ion l i f e  as well as reduc ing  detr imental  effects on Space Stat ion payloads and 
equipment may b e  demonstrated. 
One f u r t h e r  area o f  improvement i s  f o r  t h e  development of clean, high  I SP 
t h r u s t e r s  o f  re lat ive ly  low t h r u s t  0 t o  25 Ibf which can be  readi ly  in tegrated in to  
evolv ing Space Station conf igurat ions. Precise contro l  torques and h i g h  system re-  
l iab i l i t y  are t h e  goals o f  such development. 
A number o f  s tate-of- the-ar t  improvements are  desirable t h a t  could great ly  en- 
hance t h e  eff ic iency and performance o f  t h e  GN&C subsystem. An  integrated ener- 
gy siorage/att i tude contro l  device could s igni f icant ly  reduce t h e  combined weight  of 
t h e  GNGC and electrical power subsystems. Combined electr ical  energy  and angular  
momentum management us ing  ro ta t ing  mass components is a possible approach t h a t  
should b e  developed f u r t h e r .  
Another  area o f  improvement concerns t h e  development o f  h igh  performance 
magnetic to rquers  f o r  momentum unloading. Both d iscrete components and in tegra t -  
ed  large cross sectional area concepts should be  evaluated. Possible interact ions 
w i th  o ther  equipment (e.g.,  electromagnetic interference) should b e  invest igated. 
4 - EVOLUTION 
T h e  space stat ion system/subsystem conceptual a rch i tec ture  designs and evolu- 
t i on  discussed in-sect ions 2 and  3 p rov ide  a perspect ive amongst objectives, tech-  
i1010gy, r i sk ,  and costs. T h i s  was accomplished by plac ing pa r t i cu la r  emphasis on 
t h e  fol lowing areas: 
e In i t ia l -evolved system operational requirements and associated d i f ferent ia ls  
0 Present - fu tu re  technology base 
0 Arch i tec tu re  based on modular design, system/subsystem levels 
e Combination o f  near  and long- term p lann ing .  
T h e  ISS core arch i tec ture  is predominant ly  near- term technology (1983-1986) 
which minimizes technological r i sk ,  p rov ides  f o r  ear ly  avai lab i l i ty  by u t i l i z i ng  well 
known and establ ished design techniques, costs less, and exh ib i ts  h igher  rel iabi l -  
i t y .  T h i s  avoids t h e  usual d i f f i cu l t ies  encountered w i t h  use o f  new sophist icated 
tech3ology such as: 
ct Lengthy  development, t es t i ng  and h i g h  costs 
e Cost ove r runs  
0 Delayed schedules. 
T h e  parametr ic  t radeof fs  and analyses p rov ide  optimization towards t h e  iSS  
ear ly  missions. However, sens i t i v i t y  t o  f u t u r e  requirements have been recognized 
and ident i f ied  here in (Subsect ion 4.2.1). I n  addit ion, t h e  independent modular 
design ensures capacity and ease o f  growth,  ab i l i t y  t o  benef i t  f r om technological 
advai-ces, and w i t h  t i g h t  in ter face contro ls  w i l l  minimize f u t u r e  implementation 
impacts. Fu tu re  g rowth  implementation impacts a re  f u r t h e r  reduced by consid- 
erat ion o f  t h e  ESS requirements i n  t h e  ISS arch i tec ture  design.  In o r d e r  t o  
minimize t h e  impact of uncertaint ies, i t e ra t i ve  mission/technology assessments and 
forecasts must b e  per formed th roughou t  t h e  ear ly  phases o f  t h e  space stat ion 
program. 
4.1 MODULAR COMMONALITY BASE 
T h e  space stat ion system/subsystem conceptual a rch i tec ture  designs p rov ide  a 
base o f  common modules which permi t  adequate f l ex ib i l i t y  i n  developing a va r ie t y  o f  
conf igurat ions. Th is  modular commonality base i s  summarized i n  Fig. 4-1. 
4.1 . I  Space Stat ion 
T h e  incremental g rowth  stages and associated conf igurat ions are  described and 
discussed i n  Section 2. The  evolved conf igurat ion is  no t  res t r ic ted  t o  paral lel  addi- 
t ions b u t  can be  assembled as shown i n  Fig. 4-2. T h e  arrangement also indicates 
possible growth  beyond t h e  evolved conf igurat ion.  
4.1 - 2  Subsystems 
T h e  evolved space station complex wi l l  consist o f  t h e  main space stat ion assem- 
bly ( i .  e., attached modules) and associated c lus ter  (Free Flyers, co-orb i t ing,  etc).  
A mul t ip l i c i ty  o f  common subsystem modules and elements w i l l  be  d i s t r i bu ted  w i th in  
th is  complex. Unique adap te rd in te r face  elements f o r  any o f  t h e  subsystem appl i -  
cations (e.g., EPS f o r  Tended Indust r ia l  Platform) w i l l  be  kept  t o  a minimum since 
early p lanning should consider all applications o f  each subsystem module. As a 
resu l t  each subsystem wi l l  r equ i re  an evaluation and summary o f  all applications 
d i rected towards determining design and performance requirements t o  b e  incorpora-  
ted  i n  t h e  pre- ISS Enabl ing Technology phase. 
4.2 ENABLING TECHNOLOGY REQUIREMENTS 
T h e  tota l  enabl ing technology requirements f o r  t h e  ISS must inc lude t h e  follow- 
Ing: 
o Subsystem performance, design features 
Awareness o f  subsystem sensit iv i t ies t o  advanced technology and g rowth  
o System des igd in teg ra t i on  commonality needs. 
Enabl ing technology encompasses t h e  complete spectrum f rom available o f f - the-  
shelf hardware t o  research. F igure  4-3 summarizes subsystem ISS enabl ing technol- 
ogy requirements based on t h e i r  a rch i tec ture  concept presented i n  Section 3. 
Basically t h e  1986 technology base and associated design techniques wi l l  be  adequate 
f o r  t h e  ISS. Automation development is  requ i red  f o r  al l  subsystems ( re fe r  t o  Sub- 
section 4.2.2).  
0 SPACE STATION I - PRESSURIZED CORE MODULE 
- SURROGATE BAY 
- HANDLING EQUIPMENT (RMS, HPA, MMU, WRU, OCP) 
- SUPPORT MAST STRUCTURE 
- SUBSYSTEM PALLET 
I . EPS 
- SOLAR ARRAY PANELS I - GIMBALLING - 
- POWER CONDITIONING & CONVERSION COMPONENTS 
- POWER DISTRIBUTION COMPONENTS 
- ENERGY STORAGE 
' 0 DMS 
- PROCESSORS 
- MAIN MEMORY MODULES 
- DISPLAYS 
- NETWORK COMPONENTS INCLUDING 
FIBRE OPTICS 
- MASS MEMORY DATA BASE 
0 COMMUNICATIONS & TRACKING 
- ANTENNAS, SWITCHES 
- RECEIVERITRANSMITTER ELEMENTS 
- SIGNAL PROCESSOR ELEMENTS 
I o ECILSS - COMPONENTSIELEMENTS (ATMOS SUPPLY, WATERIWASTE MGT, ETC) 
- COMPONENTSIELEMENTS (SENSORS, GYROS, ACTUATORS, ETC) 
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Fig. 4-2 Space Station Growth Beyond Evolved Configuration 
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Fig. 4-3 Subsystem Enabling Technology Requirements 
4-2-1  Sensi t iv i t ies 
Subsystem sensi t iv i t ies t o  g rowth  and advance technology a r e  summarized i n  
Fig. 4-4. T h e  EC/LSS is  no t  ident i f ied  because it benef i ts  f rom matur ing  technol- 
ogy  and i t s  innplementation is  f i n i t e  and piecemeal d u r i n g  t h e  space stat ion evolu- 
t i ona ry  stages. Sensit iv i t ies a re  d iscrete f o r  ind iv idua l  subsystems and also i n -  
vo lved i n  in tersubsystem actions (i. e., e f fects on one subsystem impact ing o the r  
subsystems). 
4.2.2 System Design/ l  n tegra t ion  
T h e  t w o  major d r i v e r s  f o r  system design/ in tegrat ion features a re  commonality 
and autonomy automation. These t w o  areas s t rong ly  in f luence g rowth  implementation 
and uncer ta in ty  impacts f o r  t h e  space stat ion. These impacts w i l l  be  minimized by 
p rov id ing  un ique g rowth  prov is ions i n  t h e  ISS and/or possible ear l ier  technology 
development f o r  instal lat ion i n to  t h e  ISS. T h e  major t ime-period f o r  t h i s  e f f o r t  is 
p r i o r  t o  ISS  ( i .e . ,  must be  p a r t  o f  ISS enabl ing technology) .  
Some o f  t h e  commonality items requ i red  t o  b e  implemented by al l  subsystems 
p r i o r  t o  ISS are: 
0 Lowest modular element and maintenance category 
- Organizat ional level, replacement 
- Depot (lab, ear th ) ,  repa i r  
a Packaging 
- Standard modular design 
0 I nstal lat ion/removal techniques 
- Tools, fasteners, mount ing 
a Connectors 
0 Wir ing /bundI ing / rou t ing  . 
-. - 
ED POWER, LARGER ARRAYS INTERFERENCES WlTH ASTROPHYSICS 
EVA & COMMUNICATIONSITRACKING 
MODULESIELEMENTS - SPACE STATION MODIFICATION, DOWNTIME1 
EL CELLS, SAME IMPACTS AS WlTH GAS 
* COMMUNICATIONSITRACKING 
- DIFFERENT OPER FREQUENCIES, MODIFICATIONS/NEW RCVRS, XMTRS, 
ANTENNAS 
- TDAS COMPATIBILITY 
- LASERS, NEW ADDITIONAL EQP & TIGHTER TRACKING 
- MULTIPLE ACCESSICODING, MODULATION, SIGNAL PROCESSING 
- ADDED OPERATING SYSTEM RUN TIME REQMNTS 
- INCREASED SUBSYSTEMS, ADDITIONAL PROCESSORS, 
SPACEIVOLUME CONSTRAINTS 
- ADDED THROUGHPUT AND BANDWIDTH COMPATIBILITY 
Fig. 4-4 Subsystem Growth/Advanced Technology Sensitivities 
T h e  items l is ted above a re  considered minimum and most appropr iate f o r  effec- 
t i v e  incremental g rowth  steps by replacement w i t h  new and/or  modif ied elements. 
T h e  cont inu ing  rap id  advances i n  electr ical /electronic technology are fo r  t h e  most 
p a r t  character ized by smaller volume, less weight,  and  lower power. In addition, 
implementation and uncer ta in ty  impacts would b e  f u r t h e r  minimized since doctr ine, 
procedures and specif ications would b e  establ ished wel l  in advance. 
T h e  automation aspect o f  Autonomy is a more complex task .  T h e  in i t ia l  DMS 
wi l l  b e  designed t o  accommodate t h e  automatic control ,  monitor ing, diagnost ic opera- 
t ions fo r  t h e  subsystems. T h e  basic requirement here  is t h a t  each subsystem ele- 
ment possess the  necessary in te rna l  fa i lure/mal funct ion detection, and -  s tandard-  
izat ion of signals to/ f rom t h e  DMS. I n  addi t ion overa l l  space stat ion autonomy is  
viewed as also evo lv ing  i n  t ime. I n  par t i cu la r ,  t h e  ex ten t  of t h e  I S S  equipment 
i n te rna l  automated design features w i l l  p robab ly  b e  moderate and  evolve t o  maximum 
f o r  t h e  ESS. 
4.3 EVObUTllON PLAN 
Var ious g rowth  opt ions f o r  t h e  evolved conf igura t ion  appear in Fig. 4-5. A 
more detai led evolut ion plan is  presented in Volume II - Book 4. Many sequence 
and t ime in te rva l  combinations are  possible. However, in general, al l  w i l l  basical ly 
consist  of t h e  fol lowing th ree  phases. 
INCLINATION 
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4.3.11 Phase 1 1990-1992 
o F i r s t  STS Launch 
- Th ree  Men-Core Module 
- External  Subsystem Pallet 
- Sur rogate  
e Second STS Launch 
- HPA, RMS 
- Logistics/Personnel 
- Celestial and Ter res t ia l  Observa tory  
e Basic Space Station Module Assembly Ac t iv i t ies  Performed 
0 System/subsystem operat ional  ve r i f i ca t i on  conduc ted  
0 Tended  I n d u s t r i a l  P la t form i n t o  o r b i t  a n d  Space Stat ion in te ropera t ion  v e r i -  
f i e d  
0 I n i t i a l  mission operat ions pe r fo rmed  
- T e s t  Fac i l i t y  
- S A T  Serv ices 
- Obse rva to r y  
- I n i t i a l  Ha rbo r .  
4.3.2 Phase 1 1  1992-1996 
0 Conf idence  achieved by operat ional  exper ience  in p rev ious  s tage  
0 T D A S  launched a n d  system operat ional  t es t s  pe r f o rmed  
o Space s ta t ion - T D A S  in te ropera t ion  v e r i f i e d  
0 Add i t iona l  p ressu r i zed  modules a n d  sur roga tes  launched 
- Operat ional  checkou t  of g r o w t h  modules 
0 Crew size increase 
e Add i t iona l  Tended  l n d u s t r i a l  P la t forms 
- Operat ional  checkou t  
- Opera t ion  
o Mode I o f  Tended  Polar P la t fo rm launched 
- Assembly a n d  checkou t  
- Opera t ion  
0 F i r s t  reusable O T V  avai lable 
- Assembly a n d  checkou t  
- Opera t ion  
e l ncreased space s ta t ion  operat ional  exper ience  
- T e s t  f a c i l i t y  
- T r a n s p o r t  h a r b o r  
- Sate l l i te  serv ices 
- Observa to r ies  
- l n d u s t r i a l  p a r k .  
4.3.3 Phase 1 1 1  1996-2000 
o Mission suppor t  a t  maximum level 
e Mode I I  o f  Tended Polar Platform launched and  p u t  i n to  operat ion 
e Addi t ional  Tended l ndus t r i a l  Platforms 
o Crew size 9-12 
e Space stat ion operat ional capacity a t  maximum 
o Maximum autonomy achieved *. 
o Space stat ion ready f o r  addit ional g rowth  
o Prepared f o r  space stat ion c lus te r  about  ea r th  (e.g,, addit ional space 
stat ions) .  

